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Abstract 
Green tea catechins (GTC) isolated from jasmine tea consisted of four 
major epicatechin isomers, namely, epicatechin QEC), epicatechin gallate OECG)， 
epigallocatechin (EGC) and epigallocatechin gallate OEGCG). By monitoring 
oxygen consumption and changes in linoleic and a-linolenic acids in heated 
canola oil, the antioxidative activities of various tea ethanol extracts, GTC and 
individual epicatechin isomers were examined. GTC and ethanol extracts of 
green, white and yellow teas exhibited strong protective effects against oxidation 
of canola oil. Li contrast, black and dark teas showed little or no protection to 
canola oil from lipid oxidation. The differences in the antioxidative activities of 
tea extracts were due to distinct manufacturing process in which catechins were 
mostly preserved in green, white and yellow teas, whereas they were destroyed in 
black and dark teas. Canola oil with the addition of 200 ppm individual 
epicatechin isomers showed stronger oxidative stability as compared with the 
sample with addition of 200 ppm butylated hydroxytoluene (BHT). The potency 
of their antioxidative activities was in the decreasing order of EGC> EGCG> 
EC�ECG> BHT. hi addition, thermal loss of GTC in heated canola oil was 
significantly less compared with that of BHT. It is suggested that GTC or 
individual epicatechin isomers may be considered as potential antioxidants for 
stabilization offats and oils in food. 
GTC or individual epicatechin isomers also demonstrated strong 
antioxidant activity in Cu^^-mediated oxidation of human low-density 
II 
lipoprotein OLDL) in vitro. The inhibitory effect of these epicatechin isomers on 
LDL oxidation was dose-dependent at concentrations ranging from 5 to 40 |iM. 
Their effects were characterized by protecting polyunsaturated fatty acids 
OPUFAs) in LDL against oxidative degradation. 
By using hamster as an animal model, the hypolipidemic effect of GTC 
was examined. When male Golden syrian hamsters were fed a high fat and high 
cholesterol diet for 4 to 5 weeks, supplementation of 0.57% GTC could 
significantly reduce both serum triacylglycerols (TG) and total cholesterol (TC). 
The serum apolipoprotein A-1/ apolipoprotein B ratio was significantly elevated 
after GTC supplement. An increase in total fecal fatty acids was observed in 
hamsters fed with GTC in the first three weeks of the experiments, suggesting 
that GTC might decrease lipid absorption and thereby reduced serum TG. Jn 
GTC-fed hamsters, hepatic TG, free fatty acids (F¥A) and cholesterol contents 
were significantly lowered. No difference was found in fatty acid synthase 
activity, implying that GTC did not inhibit fatty acid biosynthesis. The lipid 
content of carcass in GTC fed-hamsters was characterized by having a 
significantly lowering in the TG/ FFA ratio, suggesting that GTC could stimulate 
the degradation ofTG in the body. 
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List of abbreviations 
AAPH 2，2'-azo-bis (2-amidinopropane) 
dihydrochloride 
ACAT acylCoA cholesterol acyltransferase 
AFBi aflatoxinBi 
AJL adrealin-induced lipolytic 
ANOVA analysis of variance 
Apo A-1 apolipoprotein A-1 
Apo B apolipoprotein B 
BHA butylated hydroxyanisole 




CHD coronary heart disease 
DMBA 7，12-dimethylbenz[a]anthracene 
EC epicatechin 
ECG epicatechin gallate 
EGC epigallocatechin 
EGCG epigallocatechin gallate 
ENNG A^-ethyl-iV -nitro-iV-nitrosoguanidine 
FFA free fatty acids 
GLC gas-liquid chromatograph 
GTC green tea catechins 
GTWE green tea water extract 
HAME heptadecanoic acid methyl ester 
HDL high-density lipoprotein 
IV 
HDL-C high-density lipoprotein cholesterol 
HPLC high performance liquid 
chromatography 
LDL low-density lipoprotein 
LDL-C low-density lipoprotein cholesterol 
LPL lipoprotein lipase 
MCP-1 monocyte chemotatic protein-1 
M-CSF macrophage colony-stimulating factor 
MDA malondialdehyde 
MM-LDL minimally modified LDL 
NDEA A^-nitrosodiethylamine 
NMBzA A^-nitrosomethylbenzylamine 
ox-LDL oxidized LDL 
PUFAs polyunsaturated fatty acids 
TBARS thiobarbituric acid reactive substances 
TBHQ tert-butyl hydroquinone 
TC total cholesterol 
TG total triacylglycerols 
TPA 12-0-tetradecanoylphorbol-13-acetate 
TMS trimethylsilyl 
VLDL very low-density lipoprotein 
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1.1 History oftea 
Tea has an ancient history. A Chinese legend teaches that in the year 
2737 BC the Emperor Shen Nung discovered tea drinking while on an outing to 
the countryside (Balentine, 1992). The Emperor noted the fragrant smell of tea 
when leaves from branches accidentally fell into a kettle of boiling water. A 
brew of the leaves was prepared and the merits of tea drinking were found. Jn 
350 AD, the first handbook about the use and horticulture of tea, Ch'a Ching, 
was written by a Chinese scholar, Kou P'o. O^alentine, 1992). Tea was 
introduced to Japan in 600 AD, to Europe in 1610, and to North America in 1650 
(Graham, 1984). 
1.2 Botany and agriculture oftea 
Tea beverages are prepared from the leaves of the plant species Camellis 
sinensis (Balentine, 1992). The tea plant is indigenous to China and Southeast 
Asia. Two major varieties are found in the tea plant, namely sinensis and 
assamica. The assamica variety generally has large leaves and is of tall tree 
habit. The sinensis variety has small leaves and is ofbush-like habit. This variety 
is more commonly used in agriculture. 
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Asides from water, tea is the most widely consumed beverage in the 
world. Total world production of tea in 1989 was 2.45 million metric tons, in 
which green tea accounted for 490 thousand metric tons and black tea accounted 
for 1.96 million metric tons (Balentine, 1992). Green tea is consumed primarily 
in China, Japan, and some parts of the Middle East and North Africa, whereas 
black tea is mostly consumed in Westem countries. Tea consumption in selected 
countries is summarized in Table 1.1. 
1.3 Classification of tea 
Classification of tea has been fairly well established based on the 
processing methods. There are generally six types of teas: green tea, black tea, 
dark tea, oolong tea, white tea and yellow tea (Chen, 1992). This classification is 
based on the degree of fermentation and oxidation of the polyphenols present in 
the tea leaves. 
Green tea generally refers to a nonfermented product, while black tea is 
fermented in which the browning reaction is catalyzed by polyphenol oxidase 
(Graham, 1992). Lti contrast to black tea, the fermentation process in dark tea is 
nonenzymatic. It is the dampness, heat and the action of the microorganisms that 
oxidized the polyphenols in the tea leaves (Hara et al., 1995). Oolong tea is 
semi-fermented; white tea is slightly fermented tea which is made with tender 
leaves and sprouting buds. Yellow tea is manufactured similarly to green tea, 
except that it is slightly fermented. The leaves tum yellow by thermal 
nonenzymatic reaction (Hara et al., 1995). 
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Table 1.1 Tea consumption in selected countries ^ 
freland 3 M Chile 086 
United Kingdom 2.81 Canada 0.55 
Germany 0.18 United States 0.34 
France 0.18 Mexico <0.01 
Italy 0.06 NewZealand 1.59 
Turkey 2.19 Australia 1.12 
Japan 0.96 Tunisia 1.43 
Pakistan 0.93 Egypt 1.33 
Lidia 0.58 Morocco 1.11 
China 0.30 South Afiica 0.56 
Thailand 0 ^ Nigeria 0.02 
1 Consumption of tea measured in kilograms per capita (average for years 1987-1989) 
(Adapted from Graham, 1992) 
3 ~ 
1.4 Composition oftea 
The composition of tea varies with climate, season, variety, horticultural 
practices, and the age of the leaf (Graham, 1992). A representative composition 
of tea is shown in Table 1.2. 
Polyphenols are the major components in tea, and their total content in 
tea flush is 25-35% on a dry weight basis (Hara et al., 1995). These compounds 
are mainly flavanols, flavandiols，flavonoids, and phenolic acids (Hertog et al., 
1993b). Among these, flavan-3-ols are quantitatively major. Flavan-3-ols belong 
to a group of phenolics called flavonoids, which have the basic skeleton of 
diphenylpropanes (C6 + C3 + C6) ^"igure 1.1) with different oxidation level of 
the central pyran ring (Shahidi & Naczk，1995). Flavan-3-ols, commonly known 
as catechins, have two asymmetric centers at C-2 and C-3 positions and therefore 
two configurations are possible (Graham, 1992). Most of the catechins present in 
tea, however, are in the so-called "epi- ” form. Structures of the major tea 
catechins are shown in Figure 1.2. When three hydroxy groups are present on the 
"B" ring of epicatechin (EC) (Figure 1.2a)，the compound is known as 
epigallocatechin ^EGC) as illustrated in Figure 1.2b. Esterification of the OH 
group on the pyran ring of EC and EGC with a gallic acid forms two more 
isomers namely epicatechin gallate OECG) (Figure 1.2c) and epigallocatechin 
gallate ^)GCG) (Figure 1.2d). 
The composition and the amount of catechin vary with tea species, 
processing methods, leaf age and season (Graham, 1992; Lin et al., 1996). The 
leaf bud and the first leaf are richest in EGCG (Graham, 1992). The amount of 
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Table 1.2 Composition of fresh green tea leaf ^  
Polyphenols 36 Carbohydrates 25 
Methyl xanthines 3.5 Protein 15 
Amino acids 4 Lignin 6.5 
Organic acids 1.5 Lipids 2 
Carotenoids <0.1 Chlorophyll, etc. 0.5 
Volatiles < ^ ^ 5 
1 Composition measured in % dry weight. 
(Adapted from Graham, 1992) 
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Figure 1.1 Chemical structure of the basic flavonoid 
skeleton. 
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(b) epigallocatechin (EGC) (d) epigallocatechin gallate (EGCG) 
Figure 1.2 Chemical structures of the four major tea catechins. (a) EC,(-) 
epicatechin; (b) EGC, (-) epigallocatechin; (c) ECG, (-) epicatechin gallate; 
(d) EGCG, (-) epigallocatechin gallate. 
r 
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total catechins is higher in summer than in spring and higher in young leaves 
than in old leaves (Lin et al., 1996). This may be attributed to the higher growth 
rate and faster metabolic activities ofboth tea trees and young leaves in summer 
(Lin etal., 1996). 
1.5 Tea processing 
1.5.1 Manufacture of green tea 
The primary goal of green tea manufacture is the preservation of the leaf 
catechins. The steps involve rapid steaming or pan firing of freshly harvested 
leaves to inactivate polyphenol oxidase, preventing fermentation, followed by 
rolling and air drying at high temperature (Hara et al” 1995). A typical green tea 
beverage composition is shown in Table 1.3. 
1.5.2 Manufacture of black tea 
Basic steps in black tea production are plucking, withering, rolling and 
drying (Graham, 1992). The tea flush is plucked at different intervals, depending 
on season, to obtain the best possible chemical composition. The flush is then 
dried out in a process called withering. Withering lowers the moisture level and 
renders the leaf more workable in preparation of the rolling step. It is that latter 
step which disrupts cell structure and releases polyphenol oxidase from the 
microsomes. This allows the enzyme to oxidize the cytoplasmic fIavanols. The 
oxidized flavanols readily undergo polymerization leading to the formation of a 
number of oligomeric or polymeric compounds, such as theaflavins and 
8 
Table 1.3 Components of green tea beverage ^ 
Catechins 30-42 Other organic acids 4-5 
Flavonols 5-10 Theanine 4-6 
Other flavanoids 2-4 Other amino acids 4-6 
Theogallin 2-3 Methylxanthines 7-9 
Other depsides 1 Carbohydrates 10-15 
Ascorbic acid 1-2 Minerals 6-8 
Gallic acid 0.5 Volatiles 0.02 
Quinic acid 2 
1 Components measured in wt% of extract solids. 
(Adapted from Graham, 1992) 
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thearubigens (Hara et al., 1995). Theaflavins are orange-red astringent 
compounds which contribute importantly to the unique taste and color of black 
tea beverage (Graham, 1992). The formation of theaflavin is shown in Figure 
1.3. Thearubigens, the polymeric form of oxidized flavanols, made up a large 
amount of the water soluble polyphenolic constituents of black tea (Balentine, 
1992). They are mixture of substances, with molecular weight ranging from 1000 
to 40,000 (Millin & Rustidge，1967). It has been suggested that thearubigens are 
formed firom theaflavins via coupled oxidation with other polyphenolic 
compounds (Roberts, 1962). Thus, lesser amount of theaflavins and more 
thearubigens are found as fermentation progresses. 
An approximate composition ofblack tea beverage is shown in Table 1.4. 
As indicated, unoxidized catechins are found in black tea beverage at a level as 
low as 3% of the extract solids, comparing with 30% in green tea beverage. 
1.5.3 Manufacture of oolong tea 
Li oolong tea manufacture, there is a special operation, called rotating, 
which is unique to its processing (Hara et al.’ 1995). Rotating causes friction 
between leaves, disrupts the cellular organization at the edge of the leaves, and 
brings about a limited degree of fermentation. Catechins present in the rim area 
of the tea leaves are enzymatically oxidized, whereas those in the inner areas of 
the leaves remain unoxidized (Chen et al., 1996b). Different products vary with 
respect to the degree of catechin oxidation. Pouchong tea is considered to be 
about 1/3 fermented compared with black tea; normal oolong tea is considered to 
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HQ Figure 1.3 Formation of theaflavins. 
Theaflavin R = R1 =H 
Theaflavin gallate A R = gallate and R1 = H 
Theaflavin gallate B R = H and R1 = gallate 
Theaflavin digallate R = R1 = gallate 
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Table 1.4 Principle components ofblack tea beverage ^ 
Catechins 3 ^ Methylxanthines 8 ^ 
Theaflavins 3-6 Carbohydrates 15 
Thearubigens 12-18 Protein 1 
Flavonols 6-8 Mineral matter 10 
Phenolic acids and depsides 10-12 Volatiles <0.1 
Amino acids 13-15 
1 Components measured in wt% of extract solids. 
(Adapted firom Graham, 1992) 
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be semi-fermented (Yamanishi, 1981). Oolong tea extracts contain catechins at a 
level of 8-20% of the total dry matter (Graham, 1992). Their catechins contents 
range between that of green and black teas. 
1.6 Pharmacological effects of tea catechins 
Since ancient times tea has been traditionally believed to be effective in 
keeping the body and soul in a good condition. Among the soluble components 
of tea, catechins constitute the major part. Li recent years, catechins have 
attracted much attention in relation to their physiological and biological 
properties, such as antioxidative, hypolipidemic, antimutagenic, 
anticarcinogenic, and antibacterial activities. 
1.6.1 Antioxidative activity 
Li recent years, the antioxidative activities of tea catechins have attracted 
much attention. Green tea catechins (GTC) and their epicatechin isomers have 
been shown to inhibit spontaneous and photo-enhanced lipid peroxidation in 
mouse epidermal microsomes (Katiyar et aL, 1994). They also exhibited 
protective effects for red blood cell membrane against hemolysis induced by 2, 
2,-azo-bis (2-amidinopropane) dihydrochloride (AAPH), an azo free radical 
initiator (Zhang et al., 1997). 
Li in vivo studies, dietary tea catechins were demonstrated to reduce the 
lipid peroxidation in the plasma of rats fed with high perilla oil diet fNanjo et al., 
1993). t i rats, ingestion of GTC was found to associate with a significant 
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decrease in the susceptibility of red blood cell to hemolysis induced by AAPH 
(Zhang et al., 1997). 
bi my study, by measuring oxygen consumption and changes in fatty 
acids composition, GTC and its epicatechin isomers were demonstrated to be 
strong antioxidants to protect canola oil from oxidation. Li addition, they 
<^  I 
exhibited strong antioxidative activities in Cu -mediated oxidation of human 
low-density lipoprotein fLDL) and their activities were even stronger than that of 
ascorbic acid. 
1.6.2 Hypolipidemic activity 
Several studies showed that dietary GTC could lower plasma cholesterol 
in rats fed a high fat and high cholesterol diet (Chisaka et al., 1988; Muramatsu 
et al., 1986). Li my study, the hypolipidemic effect of GTC was also 
demonstrated using hamster as an animal model. When hamsters were fed a high 
fat and high cholesterol diet, supplementation of GTC could suppress the rise of 
both serum triacylglycerols (TG) and total cholesterol (TC). Li addition, the 
apolipoprotein A-1 (Apo A-1) to apolipoprotein B (Apo B) ratio was 
significantly higher in GTC supplemented group. Dietary GTC also lowered the 
accumulation of liver and body fat. Jn GTC-fed-group, hepatic TG, free fatty 
acids (FFA) and cholesterol contents were significantly reduced, whereas the 
lipid content of carcass was characterized by having a lower TG to FFA ratio. 
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1.6.3 Antimutagenic activity 
Green tea infusion or its polyphenolic compounds could inhibit the 
mutagenicity induced by various chemicals in bacterial or mammalian cell test 
systems O^ a^da et al., 1985; Wang et al., 1989; Yang & Wang, 1993). It was 
demonstrated that they inhibited the reverse mutation induced by aflatoxin Bi 
(AFBi), 2-aminofluorene, benzo[a]pyrene OBP), and methanol extracts of coal tar 
pitch in Salmonella typhimurium TA100 and /or TA 98 in the presence of a rat-
liver microsomal activation system (Wang et al., 1989). Green tea polyphenols 
also inhibited gene forward mutation in V79 cells treated with AFBi and BP, and 
also decreased the frequency of sister-chromatid exchanges and chromosomal 
aberrations in V79 cells treated with AFB! (Wang et al., 1989). 
ki a in vivo study, green tea or black tea polyphenols administrated orally 
6，12, or 18 hours before an intraperitoneal injection of mitomycin C resulted in 
a statistically significant decrease of micronucleus formation in mouse bone 
marrow; post-treatment administration had no effect ^nanishi et al., 1991). Oral 
feeding of green tea extracts to rats was shown to inhibit chromosomal 
aberrations in rat bone marrow cells if the extracts were given 24 hours prior to 
AFBi(Ito etal., 1989). 
1.6.4 Anticarcinogenic activity 
Green tea or GTC has been demonstrated to inhibit the formation of 
chemical-induced tumors in several models. Oral administration of green tea 
inhibited A^-nitrosodiethylamine CNDEA)-induced forestomach and lung tumors 
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in mice (Wang et al., 1992b) and iV-nitrosomethylbenzylamine fNMBzA)-
induced esophageal tumors in rats (Wang et al., 1992a; Xu & Han，1990). GTC, 
administrated orally, was shown to inhibit 7, 12-dimethylbenz[a]anthracene 
(DMBA)- and ultraviolet B light-induced tumorigenesis in mouse skin (Wang et 
aL, 1991; Wang et al., 1994). Li addition, oral administration ofEGCG inhibited 
N-Qthyl-N -nitro-A^-nitrosoguanidine OENNG)-induced duodenal tumors (Fujita 
et al., 1989). GTC also inhibited tumor promotion in several models. Oral 
administration of GTC inhibited 12-0-tetradecanoylphorbol-13-acetate (TPA)-
induced tumorigenesis in SKH-1 mouse skin (Wang et al., 1992a). The perioral 
administration ofEGCG inhibited metastasis ofB16 meanoma cell lines, such as 
B 16-FlO and BL6, in both experimental and spontaneous systems (Taniguchi et 
aL, 1992). 
1.6.5 Antibacterial activity 
Tea catechins have been shown to inhibit the growth of many food bome 
pathogenic bacteria, such as Staphylococcus aureus and Bacillus cereus (Hara & 
Ishigami, 1989). However, no particular antibacterial action of tea catechins was 
observed against acidophillus bacteria, such as lactobacillus, which might play a 
beneficial role. Lnprovement of the condition of large intestine was found in 
chickens and pigs fed with diet containing GTC (Terada et al., 1993). Li 
addition, tea catechins were demonstrated to inhibit the growth of the cariogenic 
bacteria Streptococcus mutans and its extracellular glucosyltransferase, which is 
required for dental plaque formation (Hattori et al., 1990). This suggested that 
16 ~ 




Antioxidative activities of tea ethanol 
extracts and GTC on oxidation of canola oil 
2.1 Introduction 
2.1.1 Lipid oxidation in food 
With the major exception of water, most of our food is composed of a 
certain amount of lipids. Oxidative degradation of the polyunsaturated fatty acids 
OPUFAs) of lipid is one of the primary factors, besides microbial spoilage, that 
limit the shelf-life of most processed food (Loliger, 1991). 
Oxidation of polyunsaturated lipids of food involves a free radical chain 
reaction which is generally initiated by exposure of lipids to light, heat, ionizing 
radiation, metal ions or metalloprotein catalytes (Loliger, 1991). Enzymes such 
as lipoxygenase can also initiate oxidation. The classical route of autoxidation 
includes initiation (production of lipid free radicals), propagation and 
termination (production of non-radical products) reactions. 
Wtiation RH — R' + H. 
Propagation R' + O2 •> ROO. 
ROO' + RH — R. + ROOH 
Termination R + R 
R' + R 0 0 ' —^^ non-radical products 
ROO' + R 0 0 . 
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The primary oxidation products (hydroperoxides) have no objectionable 
flavor, taste or influence on rheological properties, but the secondary degradation 
products are generally very potent flavor modifiers (Sherwin, 1990). Some 
secondary degradation products, such as aldehydes, ketones and hydrocarbons 
are generally responsible for the off-flavors detected. Li addition, oxidation of 
lipids can affect nutritional quality, wholesomeness, safety, color and texture of 
food (Sherwin, 1990). 
2.1.2 Phenolic antioxidants 
2.1.2.1 Major phenolic antioxidants used in food 
To extend the shelf-life of foodstuffs and to reduce wastage and 
nutritional losses due to oxidative deterioration of lipids, antioxidants are usually 
added into the processed food. According to the USDA Code of Federal 
Regulations “ antioxidants are substances used to preserve food by retarding 
deterioration, rancidity or discoloration due to oxidation" ODziezak, 1986). In 
relation to their mode of action, antioxidants may be classified as free radical 
terminators, chelators of metal ions, or as reactive oxygen species scavengers 
(Kochhar, 1993). 
The major antioxidants for stabilizing fats and oils in food are phenolic 
compounds and are generally referred to as phenolic antioxidants (Sherwin, 
1990). They are mostly synthetic and commonly used phenolic antioxidants 
including butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 
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tert-butyl hydroquinone (TBHQ), and prop, octyl, and dodecyl gallates. Among 
these, BHA and BHT are the most widely used antioxidants in food industry. 
2.1.2.2 Mechanism of action of phenolic antioxidants 
Phenolic antioxidants are included in the category of free radical 
terminators. They interfere with lipid oxidation by rapid donation of a hydrogen 
atom to lipid radicals, thus delaying the onset of the autoxidation process in lipid 
(Sherwin, 1990). The antioxidant free radical formed, unlike a fatty acid free 
radical, is relatively stable and does not have the capability of initiating or 
propagating chain reaction (Sherwin, 1978). The stability of the phenoxy radical 
formed is due to the delocalization of unpaired electron around the aromatic ring 
(Figure 2.1). 
Phenolic antioxidants do not prevent autoxidation of lipids, they only 
delay its onset. The extent of the delay depends on the activity of the particular 
antioxidant and its concentration as well as other factors such as light, metals, 
and other pro-oxidants in the system (Sherwin, 1990). Thus, maximum 
effectiveness is achieved when the antioxidant is added soon enough to inhibit 
formation of fatty acid free radicals. They are ineffective in retarding 





























































































































2.1.2.3 BHA and its safety 
The structure of BHA is illustrated in Figure 2.2a. BHA is used in fats 
and oils, fat-containing foods, confectioneries, essential oils, food-coating 
materials, and waxes OMadhavi & Singhal, 1995). BHA is a mixture of two 
isomers, 2-tert-butyl-4-hydroxyanisole (2-BHA) and 3-tert-butyl-hydroxyanisole 
(3-BHA), with the commercial compound containing 90% of the 3-isomer 
(Sherwin, 1990). The absorption and metabolism of BHA have been studied in 
rats, dogs and humans. BHA was rapidly absorbed from the gastrointestinal tract 
in rats (Astill et al； 1960)，dogs and humans (Astill et al” 1962), rapidly 
metabolized and completely excreted. No evidence of tissue accumulation of 
BHA was observed in rats or dogs (Astill et al., 1960; Wilder et al., 1960). The 
toxic effects of chronic administration of BHA have been investigated in rats, 
rabbits, dogs, and monkeys (Sherwin, 1990). Except for forestomach hyperplasia 
and tumor formation, no consistent adverse effects have been demonstrated (Ito 
et aL, 1983; Ito et al； 1982; Sherwin, 1990). The no-observed-effect levels in 
these studies were several thousand times the acceptable human intake level. Ito 
et al (1982 and 1983) reported that in F344 rats, administration ofBHA at a 2% 
level resulted in a high incidence of papilloma in aknost 100% of the treated 
animals and squamous cell carcinoma of the forestomach in about 30% of the 
treated animals. Because the tumors appear only in the forestomach, an organ not 
presents in humans, the relevance of these effects to humans is unclear. 
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O H O H 
^ A ^ t B u t B u \ ^ A ^ t B u 
k ^ k > 
O C H 3 C H 3 
(a) (b) 
Figure 2.2 Chemical structures of (a) butylated hydroxyanisole (BHA) 
and (b) butylated hydroxytoIuene (BHT). 
23 ~ 
2.1.2.4 BHT and its safety 
BHT is used in low-fat food, fish products, packaging materials and 
mineral oils OVladhavi & Singhal，1995). Structure of BHT is shown in Figure 
2.2b. It is also widely used in combination with other antioxidants such as BHA, 
propyl gallate for the stabilization of oils and high-fat-foods. BHT is rapidly 
absorbed from the gastrointestinal tract. The major route of its metabolism is 
oxidation mediated by the microsomal mono-oxygenase system (Madhavi & 
Singhal, 1995). 
BHT is considered to be a "generally recognized as safe" substance, not 
likely to have any untoward effects in man below the acceptable daily intake 
level of 0.05 mg/kg of body weight (Barlow, 1990). Concerns about a possible 
carcinogenic effect of BHT have been raised on several occasions. BHT in the 
diet was found to enhance the development of tumors in mouse strains having a 
particularly high background in spontaneously occurring tumors: liver tumors in 
C3H mice (Lindenschmidt et al., 1986) and lung tumors in A7J mice (Witschu, 
1985). Lti general, results of most animal studies do not tend to implicate BHT as 
a carcinogenic agent, however, the results of the above studies do leave some 
unresolved doubts about its safety. 
2.1.3 Natural antioxidants 
Health effects of synthetic antioxidants, such as BHA and BHT, remain 
controversial. There is an enhanced public awareness of health issues and a 
general rejection of synthetic food additives by the public, ln general, natural 
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antioxidants are preferred by consumers because they are considered safe. 
Consequently, a lot ofemphasis was given to the identification and incorporation 
of novel, natural antioxidants in food products. One of the most important 
natural antioxidants commercially exploited is tocopherol. However, it is much 
less effective than BHT or BHA as food antioxidants fXie et al., 1993). The 
search for and the development of other antioxidants of natural origin are, 
therefore, highly desirable. 
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2.2 Objectives 
Jasmine tea belongs to the category of green tea. It is one ofthe popular 
green tea beverages consumed in Hong Kong. Mormation on the catechins 
composition of jasmine tea is limited. Therefore, one of the objectives of the 
study is to quantify the catechin composition of jasmine tea and isolate each 
individual epicatechin isomers fromjasmine tea. 
In the present study, the potential of using tea extracts or GTC as an 
alternative in protecting fats and oils from oxidation was also examined. This 
was performed by examining the antioxidative effects of various Chinese teas or 
GTC on oxidation of heated canola oil. Although the antioxidative activities of 
green tea, black tea and GTC have been reported, information on white, yellow, 
ginseng, slimming, and dark teas is needed. 
GTC is characterized by sharing a similar backbone with varying number 
and location of hydroxyl groups. Mbrmation on the relative activity of 
individual epicatechin isomers as antioxidants in food is also limited, hi the 
present study, the antioxidative activities of EC, ECG, EGC and EGCG were 
also examined to determine the relationship between their chemical structures 
and protective effects. 
Being able to survive the cooking process is one of the essential criteria 
for an antioxidant used in food. Thus, it is of interest to study the loss of GTC 
during the heating process. There has been no study regarding thermal 
degradation of GTC. It can be very complex in investigating the breakdown 
pathway of GTC, and interaction between degradation products derived from 
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lipid oxidation and antioxidants themselves during the heating process. To 
simplify this, the present study aimed at examining the thermal loss of GTC by 




Canola oil without addition of any synthetic antioxidants was obtained 
from a local market in Hong Kong. Five brands of green teas Qasmine tea, ji-
ping-long-jing, longjing, gou-gu-nao, and ling-zhi-cha), two brands of white teas 
(shou-mei-cha and bai-hao-yin-zhen), three brands of yellow teas (jun-shan-yin-
zhen, wen-zhou-huang-cha, and meng-ding-huang-cha), four brands ofblack teas 
(da-hong-bao, fuzhou-hong-cha, qi-hong-cha, and lizhi-hong-cha), two brands of 
dark teas (xijiao-yun-wu and pu-er-cha), two brands of slimming teas (wulong-
anti-adiposis and Chinese-kipling-keepflt), and two brands of ginseng teas 
(Korean ginseng and American ginseng tea) were purchased from tea shops in 
Hong Kong. 
Standard EC, ECG, EGC and EGCG were obtained from Kurita 
Lidustrial Co., Ltd (Tokyo, Japan) and purity was verified by high performance 
liquid chromatography (HPLC). 
2.4 Methods 
2.4.1 GTC extraction 
The method described by Agarwal et al (1992) was modified and used to 
extract GTC from jasmine tea. Li brief, 100g dried jasmine tea leaves were 
soaked three times with 1400 ml of hot distilled water (80�C). The total 
combined extracts were cooled to room temperature, filtered and then extracted 
with an equal volume of chloroform to remove caffeine and pigments. The 
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remaining aqueous layer was extracted twice with equal volume ofethyl acetate. 
The ethyl acetate phase was saved and ethyl acetate was removed using a 
vacuum rotary evaporator. The resulting crude extracts were dissolved in 
minimum volume of water and fi:eeze-dried. The light-brown solid matter 
obtained was called GTC. 
2.4.2 HPLC analysis ofGTC 
The individual epicatechin isomer composition in the GTC extracts was 
analyzed using an Altech Model 525 HPLC CDeerfield, JL, USA) equipped with 
a ternary pump delivery system. Ten ^1 of GTC extract (2mg/ ml) was injected 
into the column OVQcrosorb MV, 250 x 4.6mm，5^ rn, Rainin, Wobum, MA, 
USA) via a rheodyne valve (20^1 capacity, Altech, Deerfield, JL, USA). A 
gradient of methanol in water was used at a flow rate of 0.7 mVmin (0-7 min, 
28% methanol changing to 40%; 7-14 min, 40% methanol changing to 52%; 14-
20 min, 52% methanol changing to 28%). The separated epicatechin isomers 
were monitored using an evaporative light scattering detector (Model MK HI, 
Burtonsville, MD, USA) and a SP 4600 integrator. Lidividual epicatechin isomer 
was identified by comparing the retention times of reference standards or by 
adding standards to the samples. 
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2.4.3 Isolation and purification of individual epicatechin isomers 
Lidividual epicatechin isomers were isolated using a semi-preparative 
column (Spherisorb 0DS-1, 250 x 10 mm, lO^m, Isco, Inc., Lincohi, NE, USA). 
Fifty mg GTC in water was loaded into the column via a rheodyne valve with a 
250 |il sample loop. A 29% methanol solution in water was used as mobile 
phase, with a flow rate of 0.7 mVmin. The eluting peaks were monitored at 280 
nm using a UV detector OUVIS-205, Alltech, Deerield, E., USA) and were 
collected manually. The fraction containing GTC isomers was checked 
immediately using an analytic column as described previously and purity of each 
isomer isolated was found to be greater than 99%. The methanol was then 
removed using a rotary evaporator. The resulting pure epicatechin isomers were 
then freeze-dried and stored in dark at -20°C until used. 
2.4.4 Ethanol extraction of tea 
Twenty-five grams of tea were soaked with 200 ml ethanol and then 
homogenized at full speed in a Brinkmann Polytron fLuceme, Switzerland), 
followed by centrifugation. The ethanol phase was pipetted, filtered, and solvent 
was evaporated under a stream of nitrogen. The tea extracts were then weighed 
and diluted to 100ml with ethanol and stored at -4°C. 
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2.4.5 Effect of tea ethanol extracts on oxygen consumption of canola 
oil 
The method described by Bunick (1984) and modified by Chen et al 
(1994) was used to monitor oxygen consumption. Li brief, 1 ml of hexane, 
containing 500mg of canola oil, was placed in a glass tube (150 x 16 mm, o.d.). 
The ethanol extract obtained from 25 mg tea (equivalent to 0.25-1.5 mg dry 
weight oftea extract) was added to the reaction glass tube. The components were 
mixed thoroughly, and the solvent was removed under a gentle stream of 
nitrogen. The reaction tube was then flushed with air and sealed tightly with a 
rubber stopper obtained from an evacuated blood collection tube (100 x 16 mm, 
o.d.; Becton-Disckinson, Rutherford, NJ), which usually maintained a vacuum 
for two to three years. The sealed tube was leaked-free and was verified by filling 
the tube with nitrogen gas and monitoring by gas chromatography if headspace 
oxygen concentration increased. Oxidation was conducted at 100 土 2°C with 
constant stirring. The headspace oxygen was sampled periodically with a gas-
tight syringe and analyzed in an HP 5890 series H gas-solid chromatograph 
(Hewlett-Packard, Palo Alto, CA), fitted with a 1/8" x 6' stainless-steel column 
packed with Molecular Sieve 5A (60:80 mesh) and a thermal conductivity 
detector. The percentage of oxygen in the headspace was calculated from the 
ratio of oxygen to nitrogen. After headspace oxygen analysis, the canola oil was 
extracted with 10ml chloroform and an aliquot containing 20 mg canola oil was 
taken for fatty acid analysis. 
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The oxygen consumption (mV tube) of canola oil with or without 
addition of tea extracts was calculated according to Equation 1: 
O2 consumption = (A-B)/A x C [1: 
where A = initial % headspace oxygen, B = % headspace oxygen after heating 
for 7.5, 24, 31, and 46 h, C = total volume oxygen (5.04 mV tube). 
2.4.6 Effect of GTC on oxygen consumption of canola oil 
The procedures were the same as described above except 200 mg of 
canola oil and 0.04 mg GTC extracts or individual epicatechin isomers were 
added instead. The oxidation process was conducted at 95 土 2°C. 
2.4.7 Fatty acid analysis 
Fatty acids of heated canola oil with or without addition of tea ethanol 
extracts, GTC extract or individual epicatechin isomers were converted to the 
corresponding methyl esters with a mixture of 14% boron trifluoride OBF3) in 
methanol (Sigma Chemical Co., St. Louis, Mo) and toluene (1:1，v/ v) under 
nitrogen at 90°C for 45 min. Fatty acid methyl esters were analysed on a flexible 
silica capillary column (SP 2560, 100m x 0.25 mm, i.d.; Supelco, Inc.， 
Bellefonte, PA) in an HP 5980 Series H gas-liquid chromatograph, equipped with 
a flame-ionization detector O^ewlett-Packard). Column temperature was 
programmed from 180 to 220 °C at a rate of l°C /min and then held for 20 min. 
Hydrogen was used as the carrier gas at a head pressure of 20 psi. 
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2.4.8 Thermal ioss ofBHT 
One ml of hexane containing 200 mg canola oil and 1 ml of chloroform 
containing 3 mg BHT were delivered into a test tube (150 x 16 mm, o.d.). The 
solvents were evaporated under a gentle stream of nitrogen at 45°C. The final 
concentration of BHT was 1.5% in canola oil. The test tube was then flushed 
with air and heated in the air at 95°C. After heating, the sample was saponified to 
isolate the remaining BHT. Li brief, the sample dissolved in 4 ml of 95% ethanol 
containing 1% KOH was refluxed at 90°C for 55 min. The mixture was cooled at 
room temperature followed by adding 2 ml of hexane containing 1 mg/ml 
heptadecanoic acid methyl ester (HAME) as an internal standard. Three ml of 
water were added and the mixture was mixed. The hexane layer was then 
transferred into a vial after centrifugation at 500 x g for 10 minutes. The 
remaining BHT was analyzed using a gas-liquid chromatograph (GLC) as 
described above in the fatty acid analysis. A typical gas-liquid chromatogram of 
BHT and HAME is shown in Figure 2.3. 
2.4.9 Thermal loss ofGTC 
One ml of hexane containing 200 mg canola oil and 1 ml of ethanol 
containing 3 mg GTC were similarly placed in a test tube. The hexane and 
ethanol were evaporated under a gentle stream of nitrogen at 45°C. The final 
concentration of GTC was 1.5% in canola oil. The sample was then flushed with 
air and heated in the air at 95°C for various time. The sample was then cooled at 
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Figure 2.3 Gas liquid chromatographic trace of 
butylated hydroxytoIuene (BHT) and 
heptadecanoic acid methyl ester (HAME). See text 
for the conditions of separation. 
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catechin as the internal standard. Two ml of hexane were then added into the 
mixture and centrifuged at 900 x g for 10 minutes. The aqueous layer containing 
GTC was subjected to HPLC analysis as described before. A typical HPLC 
chromatogram of GTC is shown in Figure 2.4. For the accurate comparison, 
1.5% GTC and BHT were chosen instead ofO.02% (200 ppm). This was because 
there was a significant variation in recovery of 200 ppm GTC or BHT from 
canola oil. 
2.4.10 Statistics 
All the experiments were repeated two to three times. Data were pooled 
from each experiment in which three to five replicates (total 6-9 reaction tubes/ 
time point) were conducted. Data for the headspace oxygen consumption and 
fatty acid analysis were subjected to the analysis ofvariance (ANOVA), and the 
means were compared between treatments by using Duncan's multiple range test 
(Duncan, 1955). This was done by running the data on the PC ANOVA software 
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Figure 2.4 HPLC chromatogram of jasmine tea 
catechins. See text for the conditions. Peak 
identification: EGC, (-) epigallocatechin; C, (+) catechin 
(internal standard); EGCG, (-) epigallocatechin gaIlate; 
EC, (-) epicatechin and ECG, (-) epicatechin gallate. 
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2.5. Results 
2.5.1. Antioxidative activities oftea ethanol extracts 
As shown in Table 2.1, the dry weights of ethanol extracts varied with 
different varieties of teas. There are no consistent pattem to show that the dry 
ethanol extracts derived from one category of teas weighed more or less than 
another. It was, therefore, difficult to quantify the antioxidative activities of 
different teas based on the weight of the ethanol extracts. For consistency, the 
ethanol extracts obtained from the same amount of tea leaves (25 mg) were 
added to canola oil instead. 
Typical gas-solid chromatograms of headspace air in canola oil with or 
without addition of green tea ethanol extract (using longjing as a typical 
example) heated at 100°C for 48 hours are shown in Figure 2.5. Li the canola oil 
control, 89% of headspace oxygen was consumed within 48 hours, ln contrast, 
canola oil with the addition of ethanol extracts of four varieties of green teas, 
jasmine tea, ji-ping-long-jing, longjing, and gou-gu-nao, was remarkably stable 
throughout the period examined, and only 15-35% headspace oxygen was 
consumed (Figure 2.6). The ethanol extract of another green tea, ling-zhi-cha, 
however, was less protective in the oxidation of canola oil than the other four 
green teas examined (^<0.01) (Table 2.2). 
Oxygen consumption test indicated that the ethanol extracts of two white 


































































































































































































































































































































































































































































5.0 ~[ ^ T ~ ~ 
• canola oil 
4.5 - ― ^ + ji-ping-long-jing 力 
- ^ + longjing ^ ^ a 
^ 4.0 - ― ^ + jasmine tea ^ ^ “ 
_| —B— + gou-gu-nao y ^ ^}. 
^ 3.5 - ~ ^ + ling-zhi-cha 丁 ^ / ^ /^丄 
l:r / / 
't^^ 
0 10 20 30 40 50 
Hour 
Figure 2.6 Effects of green tea ethanol extracts on oxidation of canola 
oil at 100°C. Green tea ethanol extracts obtained from 25mg tea were 
added to 500mg canola oil. Data are expressed as means 土 SD of n = 6-
9. Means at the same time point with different letters (a-d) differ 
significantly (p<0.01). 
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Table 2.2 Effect of tea ethanol extracts on oxygen consumption (mV tube) of canola 
oil heated at 100°C in sealed reaction tubes 
Oxygen consumption (ml/ tube)‘ 
T ^ m 3Ih 48h 
Canola oil 0.16±0.0lb 1.78±0.15ab 3.30±0.38a 4.47f0.69a 
+ Green tea extracts 
+ Jasmine tea 0.03±0.0r 0.17土0.01卜 0.33±0.01& 1.29±0.0ld 
+ Ji-ping-long-jing 0.04±0.0r 0.18±0.0lh 0.28±0.0lh 0 . 7 9土 0 . 0 1 ® 
+ Longjing 0.08±0.0r 0.24±0.0is 0.48±0.0lfs 1.67±0.04� 
+ Gou-gu-nao 0.07±0.0ie 0.24±0.0is 0.47±0.0lfg 1 . 7 8土 0 . 1 7。 
+ Ling-zhi-cha 0.10 土 O.Olbe 0.72 土 O.Old 1.31 土 0.05d 3.9 土 0.29" 
+ White tea extracts 
+ Shou-mei-cha 0.0410.01� 0.16土0.01趴 0.27±0.01趴 0.74土0.01® 
+ Bai-hao-yin-zhen 0.07±0.0ie 0.28±0.0is 0.39±0.0is 1.12±0.0ld 
+ YeUow tea extracts 
+ Jun-shan-yin-zhen 0.25±0.0ia 0.39±0.02fg 0.54±0.02fs 1.24±0.05d 
+ Wen-zhou-huang-cha 0.31 土 0.02" 0.47 土 0.02^  0.70 土 0.02^  1.76 土 0.02" 
4- Meng-ding-huang-cha 0.26±0.0ia 0.55土0.01® 0.92土0.02® 2.49±0.03b 
+ Oolong tea extracts 
+ Tie-guan-yin 0.11±0.0lbe 0.27±0.0is 0.3610.01^ 1.18±0.03d 
+ Wuyi-oolong 0.07±0.01� 0.66±0.0ld 1.34±0.27d 3.67±0.65a 
+ Black tea extracts 
+ Da-hong-bao 0.15±0.0lb 0.78±0.03d 1.53±0.12d 4.07±0.60a 
+ Fuhou-hong-cha 0.11 土 O.Olb 1.25 土 0 . 0 2 ' 2.66 土 0 . 0 9 & 4.42 土 0 . 1 9 ' 
+ Qi-hong-cha 0.18±0.01& 1.38土0.03' 2.94±0.03b 4.45±0.3ia 
+ Lizhi-hong-cha 0.14±0.02b i.68±0.04b 3.04±0.14b 4.40±0.3ia 
+ Dark tea extracts 
+ Xijiao-yun-wu 0 . 2 6 ± 0 . 0 ” 1 . 2 6 ± 0 . 0 6 � 2 . 5 4土 0 . 0 3。 3 .98±0 .10a 
+ Pu-er-cha 0.07 土 O.Or 1.98 土 0.01" 3.41 土 0.05" 4.54 土 0.65" 
+ Slimming tea 
extracts 
+ Wulong-anti-adiposis 0.07 土 O.Or 0.33 土 0.02® 0.61土 0.02『 2.62 土 0 . 7 2 & 
+ Chinese-kipling- 0.09±0.0lbc 0.59±0.02® 1 . 0 5土 0 . 0 4 ® 3.36±0.67ab 
keepfit 
+ Ginseng tea extracts 
+ Korean ginseng tea 0.10±0.0lbc 0.84±0.02d 2.48土0.15~ 4.2710.33 ' 
+ American ginseng tea 0.29 土 0.01" 1.37 土 0.03® 2.81 士 0.39b 4 44 土 0 55a 
1 The initial headspace oxygen was 5.04 mU tube. 
Means in the same column with different superscripts (a-h) differ significantly (p<0.01). 
Data are expressed as mean 土 SD for n = 6-9. 
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oil from lipid oxidation, with the former one being more effective (Figure 2.7). 
Heating at 100°C for 31 hours, shou-mei-cha and bai-hao-yin-zhen were equally 
protective as two green teas, ji-ping-long-jing and jasmine tea. When canola oil 
was heated for 48 hours, these two white teas were even more protective than 
longjing, gou-gu-nao, and ling-zhi-cha against lipid oxidation in canola oil 
(p<O.Ol) (Table 2.2). 
Among the three yellow teas tested, jun-shan-yin-zhen was the most 
effective one against oxidation of canola oil and meng-ding-huang-cha was the 
least (Figure 2.8). Comparing with the green teas tested, jun-shan-yin-zhen was 
less protective than ji-ping-long-jing, but was equally protective as jasmine tea. 
Also, it was more protective than long-jing, gou-gu-nao, and ling-zhi-cha 
Op<0.01). When compared with the two white teas examined, jun-shan-yin-zhen 
was equally protective as bai-hao-yin-zhen, but it was less protective than shou-
mei-cha. Li contrast, the other two yellow teas, wen-zhou-huang-cha and meng-
ding-huang-cha showed less antioxidative activity than the green teas (except 
ling-zhi-cha) and white teas tested at 100°C for 48 hours, (p<0.01). 
The degree of protection varied among the ethanol extracts of oolong 
teas. Tie-guan-yin was more effective than wuyi-oolong against oxidation of 
canola oil (p<0.01) (Figure 2.9). Compared with the green teas and white teas 
examined, tie-guan-yin showed a similiar effect to jasmine tea and bai-hao-yin-
zhen in inhibiting lipid oxidation of canola oil heated for 48 hours. However, 
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Figure 2.7 Effects of white tea ethanol extracts on oxidation of canola 
oil at 100°C. White tea ethanol extracts obtained from 25mg tea were 
added to 500mg canola oil. Data are expressed as means 土 SD of n = 6-
9. Means at the same time point with different letters (a, b) differ 
significantly (p<0.01). 
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Figure 2.8 Effects of yellow tea ethanol extracts on oxidation of 
canola oil at 100°C. Yellow tea ethanol extracts obtained from 25mg 
tea were added to 500mg canola oil. Data are expressed as means 土 SD 
of n = 6-9. Means at the same time point with different letters (a-d) 
differ significantly (p<0.01). 
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Figure 2.9 Effects of oolong tea ethanol extracts on oxidation of 
canola oil at 100°C. Oolong tea ethanol extracts obtained from 25mg 
tea were added to 500mg canola oil. Data are expressed as means 土 SD 
of n = 6-9. Means at the same time point with different letters (a-c) 
differ significantly Qj<0.01). 
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wuyi-oolong demonstrated less antioxidative activity than the white teas and 
green teas examined except for ling-zhi-cha Op<0.01). 
All ethanol extracts of black teas tested exhibited only slight protection, 
except for da-hong-bao (Figure 2.10). All black teas tested showed much less 
antioxidative activity than the green teas (except ling-zhi-cha), white teas, yellow 
teas, and oolong tea (tie-quan-yin) under the conditions described. For the two 
dark teas tested, they possessed little or no antioxidative effect compared with 
those of the green teas, white teas, and yellow teas examined (Figure 2.11). 
The effects of two slimming teas fFigure 2.12) and two ginseng teas 
(Figure 2.13) on oxidation of canola oil were also tested. The slimming teas 
examined showed stronger antioxidative effects than the ginseng tea tested. 
These two types of tea were generally less effective than green teas (except for 
ling-zhi-cha), yellow teas and white teas tested after heating at 100 °C for 48 
hours Op<0.01). 
Generalizing the data obtained in the oxygen consumption test, the 
antioxidative activities of the tea ethanol extracts tested were in the order of 
white teas > green teas > yellow teas > oolong teas > slimming teas > ginseng 
teas > black teas = dark teas. 
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Figure 2.10 Effects of black tea ethanol extracts on oxidation of 
canola oil at 100°C. Black tea ethanol extracts obtained from 25mg tea 
were added to 500mg canola oil. Data are expressed as means 土 SD ofn 
=6-9. Means at the same time point with different letters (a-d) differ 
significantly (p<0.01). 
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Hours Figure 2.11 Effects of dark tea ethanol extracts on oxidation ofcanola 
oil at 100°C. Dark tea ethanol extracts obtained from 25mg tea were 
added to 500mg canola oil. Data are expressed as means 土 SD ofn = 6-
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Figure 2.12 Effects of slimming tea ethanol extracts on oxidation of 
canola oil at 100°C. Slimming tea ethanol extracts obtained from 25mg 
tea were added to 500mg canola oil. Data are expressed as means 土 SD 
of n = 6-9. Means at the same time point with different letters (a-c) 
differ significantly (p<0.01). 
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Figure 2.13 Effects of ginseng tea ethanol extracts on oxidation of 
canola oil at 100°C. Ginseng tea ethanol extracts obtained from 25mg 
tea were added to 500mg canola oil. Data are expressed as means 土 SD 
of n = 6-9. Means at the same time point with different letters (a-c) differ 
significantly Q)<0.01). 
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Resuks from the fatty acid analysis were generally consistent with the 
oxygen consumption test. The more the headspace oxygen was consumed, the 
more the linoleic and a-linolenic acids were oxidized. Addition of ethanol 
extracts from the green teas (except for ling-zhi-cha), white teas and yellow teas 
(except for meng-ding-huang-cha) significantly prevented loss of these two fatty 
acids in canola oil heated at 100�C for 48 hours. 0^<0.05) (Table 2.3). Oolong 
teas and slimming teas exhibited little protection against oxidation of linoleic 
and a-linolenic acids . Under the conditions described, black teas, dark teas and 
ginseng teas showed no inhibitory effect on the oxidation of these fatty acids. It 
was noticed that fatty acid analysis was less sensitive than the oxygen 
consumption test. Not all significant differences detected by the oxygen 
consumption test among different varieties of tea extracts were demonstrated by 
the fatty acid analysis. 
2.5.2 The yield and composition of GTC from jasmine tea 
The extraction method used in the present study yielded 7.4 土 0.3g GTC/ 
100g of dry tea leaves, which was in agreement with 5.8%-9.6% reported 
previously (Graham, 1992; Ho et al., 1992). The composition of GTC was 
shown in Table 2.4. EGCG was the major component and accounted for 51.2% 
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Table 2.4 Composition ofjasmine tea epicatechin isomers 
Absolute Relative 
Polyphenol isomers (g/ 100g tea) (% oftotal GTC) 
Epigallocatechin gallate ^ G C G ) 3.8 土 0.1 51.2 土1.5 
Epigallocatechin (EGC) 1.4 土0.1 18.7 土 0.9 
Epicatechin ( E C ) 0.9土0.1 12.3±0.6 
Epicatechin gallate OECG) 0.9 土 0.1 11.8 土 0.3 
Caffeine 0.3土0.1 4.3土1.7 
Others 0.1土0.1 1.7±0.5 
Total 7.4土0.1 100 
Data are expressed as means 土 SD of n = 6. 
54 、 
2.5.3 Antioxidative activity ofGTC 
GTC exhibited a significant protection to canola oil from lipid oxidation 
after 23 hours of heating Op<0.01) O^igure 2.14). Jn canola oil heated at 95。C， 
80% headspace oxygen was consumed within 36.5 hours under the conditions 
examined, whereas in the presence of200ppm GTC, only 6% headspace oxygen 
was depleted instead. After heating for 36.5 hours, addition of 200 ppm GTC 
significantly prevented loss of linoleic and a-linolenic acids as compared with 
the canola oil control (p< 0.05) (Table 2.5). 
2.5.4 Antioxidative activities of individual epicatechin isomers 
Four epicatechin isomers examined demonstrated varying degree of 
antioxidative activities OFigure 2.15). EGC was most effective against lipid 
oxidation in canola oil followed by EGCG, EC and ECG in a decreasing order. 
The oxygen consumption test indicated that all four epicatechin isomers showed 
stronger antioxidative activities than BHT at the concentration of 200 ppm. The 
fatty acid analysis also revealed that addition of the four epicatechin isomers 
significantly protected linoleic and a-linolenic acids from oxidative degradation 
(p<0.05) (Table 2.6). Li addition, loss of these fatty acids in the samples with 
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Figure 2.14 Effect of GTC on oxidation of canola oil at 95°C. Data 
are expressed as means 土 SD of n = 8. * represents a significant 
difference between the canola oil control and the sample with addition 
of200 ppm GTC at the same time point ^><0.01) 
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Table 2.5 Effects of GTC on change in unsaturated fatty acids of canola 
oil (wt% total fatty acids) heated at 95°C for 36.5 hours 
Unheated Heated 
Fattl Acids Canola oil Canola oil 
Palmitic acid 4.8 ±O.lb 5.2±0.13 
Stearic acid 2.0 ± 0.1 2.1 ±0.1 
Arachidic acid 0.6 ± 0.1 0.7±0.1 
Oleic acid 54.4±0.lb 60.9 ± 0.23 
Vaccenic acid 2.9±0.1 3.3±0.1 
Linoleic acid 2l.5 ±0.13 17.8 ± 0.2b 
18:2 isomers 0.6 ± O.lb l.0 ± 0.13 
a.-Linolenic acid 7.9±0.la 4.7 ±0.2b 
18:3 isomers 4.2±0.la 3.3±0.lh 
Others l.0±0.1 l.0 ± 0.1 
Polyunsaturated 1 29.4 ± O.la 22.5 ± 0.4h 
Monounsaturated 2 57.3 ± O.lb 64.2 ± 0.33 
Saturated 3 7.5 ±O.lb 8.1 ± 0.13 
1 Polyunsaturated = linoleic acid + a-linolenic acid 




0.6 ± 0.1 
55.3 ± 0.3b 
3.0±0.1 
2l.6 ± 0.2a 
0.7 ±O.lb 
7.6 ±0.2a 
4.0 ± 0.13 
0.8 ±0.1 
29.2 ± 0.3a 
58.3 + 0.3h 
6.9±0.lC 
3 Saturated = myristic acid + pahnitic acid + stearic acid + arachidic acid 
Means in the same ro'w with different superscripts (a-c) differ significantly (p<O.05) 
Data are expressed as mean ± SD for n= 8. 
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Figure 2.15 Effects of individual epicatechin derivatives on oxidation 
of canola oil at 95°C. Data are expressed as means 土 SD of n = 6-9. 

































































































































































































































































































































































































































































































































































































































































































































































































































2.5.5 Thermal loss ofGTC 
At the concentration of 1.5%, thermal loss ofGTC was significantly less 
than that of BHT under the conditions described (p<0.01) ^Figure 2.16). After 
heated for 44 hours, 30% GTC and 67% BHT added to the canola oil were lost. 
Loss o fBHT reached to 90% after 98 hours ofheating at 95°C, whereas loss of 
GTC only reached to 65%. 
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Figure 2.16 Time course of the remaining GTC and BHT in canola oil 
heated at 95°C. Data are expressed as means 土 SD of n = 6. *represents 




2.6.1 Contribution of catechins to the antioxidative effect of tea 
ethanol extracts 
t i the present study, varying Chinese teas were shown to exhibit strong 
antioxidative activities against lipid oxidation in canola oil. The protective 
effects of tea extracts could be accounted for by the total content of natural 
polyphenols present in the tea leaves. The phenolic composition ofteas has been 
analyzed previously. Xie et al (1993) found that catechins accounts for 25% of 
total dry extracts in green tea, whereas other polyphenols including flavonols, 
flavanodiols and phenolic acids only account for less than 5% of the total 
extracts. Most of the antioxidant effects of tea extracts, therefore, could be 
attributed to catechins. Li a recently published study, Salah et al (1995) reported 
that 78% of the antioxidant activity of green tea extracts was contributed by 
catechins. Jn fact, in the present study, the catechins isolated from the jasmine tea 
leaves were demonstrated to possess strong antioxidative activities. 
2.6.2 Antioxidative activities of different types of teas 
Generalizing the data from the oxygen consumption test, the 
antioxidative activities of the various tea extracts tested were in the order of 
white teas > green teas > yellow teas > oolong teas > slimming teas > ginseng 
teas > black teas = dark teas. The different protective effects of tea ethanol 
extracts may be due to the distinct manufacturing processes. Jn the manufacture 
of green teas, the leaves are rapidly steamed or pan fired to preclude the 
oxidation of catechins (Graham, 1992). Yellow and white teas are only slightly 
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fermented in which catechins are mostly preserved during the process (Hara et 
a/” 1995). These three types of teas had the highest catechins contents and 
therefore had the strongest protective effects against lipid oxidation. Jn contrast, 
catechins in black teas are extensively oxidized by polyphenol oxidase while 
those in dark teas undergo non-enzymatic oxidation to form a number of 
condensed polyphenols, such as theaflavins and thearubigens (Hara et al., 1995). 
Though the antioxidative activities of theafIavin and thearubigens have been 
reported, their activities were lowered than that of catechins (Yoshino et al., 
1994). Thus, these two types of teas were much less effective in protecting 
canola oil from oxidation. Oolong teas are products in which catechins present in 
the rim area oftea leaves are enzymatically oxidized, whereas those in the inner 
% 
areas of leaves remain unoxidized (Chen, 1992). Oolong tea extracts contain 
catechins at a level of 8-20% of the total dry matter, which is intermediate 
between that of green teas (30-42%) and black teas (3-10%) (Graham, 1992). M 
fact, inhibitory effects of oolong tea extracts on lipid oxidation were between 
that of green teas and black teas tested in the present study. 
2.6.3 Proposed mechanisms for the relative antioxidative activity of 
epicatechin isomers 
GTC or individual epicatechin isomers exhibited strong antioxidative 
activities against lipid oxidation in canola oil. The results demonstrated that: (1) 
the four major epicatechins present in jasmine tea showed varying antioxidant 
activity in a decreasing order of EGC, EGCG, EC and ECG; (2) they were even 
more effective than BHT at the concentration of 200 ppm; and (3) EGC and EC 
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were more effective than their corresponding gallate derivatives, EGCG and 
ECG, respectively. The varying effect of individual epicatechins on oxidation 
was probably related to the number and position of their hydroxyl groups. EGC 
was more effective than EC against lipid oxidation in canola oil implying that the 
hydroxyl group at position 5，may play an important role, at least partially, in 
contribution to the antioxidative activity observed for EGC (Figure 1.2). 
Similarly, the role of hydroxyl group at position 5，can be illustrated when the 
antioxidative activity ofEGCG is compared with that ofECG OFigure 1.2). It is 
noted that the importance of that hydroxyl group is also observed in other 
flavonoids. Myricetin, having a 5'-hydroxyl group, showed stronger protective 
• 
effect against the oxidation of canola oil than quercetin, which had no 5'-
hydroxyl group (Figure 2.17) (Chen et al., 1996a). It is possible that the 
continuous three hydroxyl groups at position 3', 4，and 5，in EGC are more 
vuhierable to loss of a proton and the free radical formed is more stable than that 
of EC. By a similar deduction, stronger protective effect of EGCG than that of 
ECG was due to the presence of an additional hydroxyl group at 5，position and 
the resultant three continuous hydroxyl group at positions 3，，4，and 5，. 
The mechanism by which EC and EGC were more effective that their 
corresponding gallate derivatives, ECG and EGCG, remained unexplained. One 
of the explanation may be due to the differences in their molecular weight. 
Having an additional gallate group, both ECG and EGCG have a relatively 
higher molecular weight that their corresponding derivatives, EC and EGC, 
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Figure 2.17 Chemical structures of (a) quercetin; (b) myricetin. 
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presented based on the same weight. Alternatively, EGC and EGCG have an 
additional gallate group, which make them more hydrophilic, less soluble in oil, 
and therefore less effective against lipid oxidation in canola oil compared with 
their corresponding gallate derivatives. 
2.6.4 Loss ofBHT via volatilization 
Loss of antioxidant during the heating process is one of the factors 
contributing to ineffectiveness of an antioxidant ^Cim & Pratt, 1992; Peled et al” 
1975). ln the present study, the data demonstrated that thermal loss ofthe GTC 
was less than that o fBHT under the conditions examined. Loss o fBHT from the 
heated oil could be mainly attributed to volatilization. Wamer et al (1986a and 
1986b) have determined the extent of volatilization of several phenolic 
antioxidants, including BHT. This was performed by introducing ring-labeled [7-
i4c] BHT in deep fat frying under actual cooking conditions. After the 
equivalent of four batches of French-fried potatoes, 50% of the label was 
retained, while after 12 batches less than 20% of BHT remained in the lard. 
Among BHT, BHA and TBHQ, the former was found to be the most volatile one 
(Wamer et al., 1986b). Apart from volatilization, some ofthe BHT may be lost 
via thermal decomposition. Several decomposed products of BHT have been 
identified and the reaction products may depend on the temperature and the 
particular condition of reaction (Kim & Pmtt，1992). The loss of GTC was less 
than that of BHT probably because of the larger molecular sizes and higher 
boiling points. Therefore, the escape of GTC due to volatilization was minimum 
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compared with BHT. However, the possibility that GTC was thermally 
decomposed covdd not be eliminated. The destruction and polymerization of 
GTC initiated by heat and light have been reported (Zhu et aL, 1992). 
Nevertheless, the present results suggested that GTC was better retained than 
BHT in heated canola oil. 
2.6.5 Potential oftea catechins as food antioxidants 
Evidence has been presented in this chapter that tea ethanol extracts and 
GTC were very effective antioxidants and the loss of GTC during heating was 
less than that o fBHT. It is suggested that tea ethanol extracts or GTC may offer 
an alternative in protecting fats and oil from oxidation in food (Rajalakshmi & 
Narasimhan, 1996). However, besides having strong antioxidative effect and 
being able to survive the cooking proeess，an antioxidant should meet several 
other criteria before it can be used in food product (Coppen, 1983). These 
include: (1) it must not have any toxic effect at the daily consumed level; (2) it 
should have desired solubility in the substrate to ensure its efficacy and (3) it 
must not develop any flavor, odor or color when added at the prescribed level in 
the product. 
2.6.5.1 Safety o fGTC 
Tea extracts or GTC are generally believed to be non-toxic, in spite of the 
fact that an antioxidant comes form a natural source does not necessarily prove 
its safety for food use. Liformation about the absorption, metabolism, and 
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toxicology of GTC is scarce. Okushio et al (1996) demonstrated that the four 
major tea catechins, EC, ECG, EGC and EGCG, can be absorbed, at least in part, 
into the rat portal vein after an oral administration of tea catechins. The acute 
oral and intraperitoneal LD50 of tea polyphenols in mice were 10 g and 0.7 g, 
respectively (Madhavi & Singhal，1995). ln subchronic tests in rats at levels as 
high as 1000 mg/kg of body weight, growth rate, feed efficiency, and protein 
efficiency ratio were not affected (Madhavi & Singhal, 1995). No adverse effects 
were observed in hematological analysis, gross and microscopic examination of 
the organs, or litter size. Though it is unlikely that GTC exerts any toxic effect at 
the level used at food antioxidant, the toxicology of its degradation products, i f 
any, is not clear at present. 
2.6.5.2. Solubility ofGTC 
Having multiple hydroxyl groups, GTC is more soluble in water than in 
oils. This is unmerited for its application in oils and lipid-rich foods, ln the 
present study, the problem was overcome by using ethanol as a carrier to make 
GTC or tea extracts soluble in oils. 
2.6.5.3 Effects ofGTC on food quality 
Pure epicatechin isomers are colorless and odorless, whereas crude 
catechins isolated from green tea leaves are slightly reddish brown in color. The 
color of the crude catechins is probably due to the presence of pigments or 
condensed polyphenols. Lifomation about the taste of tea catechins is limited. 
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Mil l in et al (1969) have examined the effect ofnonvolatile compounds of black 
tea, including flavanols, on its flavor. They concluded that flavanols did not 
contribute significantly to the taste of tea. Also, since tea catechins are potent 
antioxidants, at least in canola oil, their contribution to taste, odor, and color of 
food wi l l be minimum as the dose needed is only 200ppm. 
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Chapter 3 
Inhibitory effects of GTC and epicatechin 
isomers on in vitro Cu^ -^mediated LDL 
oxidation 
3.1 Introduction 
Cardiovascular disease is the leading cause of mortality in Westem 
populations (Grundy, 1990; Martin et cd.，1986). An increased concentration of 
plasma LDL-cholesterol fLDL-C) constitutes a major risk factor for 
atherosclerosis, a degenerative disease of arteries characterized by hardening and 
loss of elasticity of the arterial wall with local thickening of the intima (Frei, 
1995). This atherosclerotic lesion is believed to evolve from a fatty streak which 
forms from the subendothelial accumulation of predominantly LDL lipid-laden 
foam cells (Schwartz et al” 1991). These foam cells are apparently generated 
when macrophages trapped in the arterial intima take up LDL, using pathways 
independent of the classical LDL receptor (Steinberg et al., 1989). These 
alternative or scavenger pathways recognize modified forms of LDL such as 
acetyl LDL or oxidized LDL (ox-LDL). Uptake of ox-LDL via the scavenger 
receptor pathway is three to ten times more rapid than uptake of native LDL 
(Henriksen et al., 1981), and is not subject to down-regulation by intracellular 
cholesterol content (Brown & Goldstein, 1986). Therefore, in the presence of ox-
LDL, macrophages in the intimal subendothelium become loaded with lipids and , 
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are subsequently converted into foam cells, pathognomonic of fatty streaks 
(Schwartz et al” 1991; Steinberg et al., 1989). 
3.1.1 Mechanisms of LDL oxidation 
3.1.1.1 Nature and sources of oxidants underlying LDL oxidation 
LDL can be oxidatively modified in a cell-free system by transition 
metals such as iron and copper and by all the major cells of the arterial wall such 
as endothelial cells, smooth muscle cells, and monocyte-macrophages (Jialal & 
Devaraj, 1996). Physiologically relevant mechanisms underlying LDL oxidation 
in vivo are yet to be established. Various studies implicate superoxide anions as 
one agent that promotes oxidation of LDL lipids, mediated by smooth muscle 
cells and phagocytes (Heinecke et al., 1986). Certain cellular enzymes, such as 
15-lipoxygenase which converts polyunsaturated fatty acids into lipid 
hydroperoxides, may also oxidize LDL (Sparrow et al., 1988). The heme protein 
and myeloperoxidase secreted by activated phagocytes, may also oxidize 
lipoproteins by acting as a physiological catalyst (Savenkova et al” 1994). Nitric 
oxide and peroxynitrite, produced by endothelial cells and macrophages, are 
other oxidants relevant to LDL oxidation (Jialal & Devaraj，1996). Thus, LDL 
can be oxidatively modified by numerous different mechanisms. To date, 
however, there is no consensus on the predominant mechanism o fLDL oxidation 
in vivo (Jialal & Devaraj，1996). 
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3.1.1.2 Structural changes ofox-LDL 
Oxidation of LDL is a free radical-mediated process, resulting in 
numerous structural changes, all of which depend on a common initiating event, 
the peroxidation of PUFAs in LDL. The peroxidation of a PUFA is shown in 
Figure 3.1. Oxidation of LDL is initiated by a reactive oxygen species that 
abstracts a proton Qi ) from a double bond in PUFA, which is followed by 
molecular rearrangement, leading to the formation of conjugated diene 
^sterbauer et al., 1992). During this initiation phase, the rate of oxidation is 
suppressed by the presence of endogenous antioxidants within the LDL particle, 
which results in the lag phase of oxidation. The lag phase is followed by a rapid 
propagation phase, which occurs when antioxidants are depleted and involves the 
abstraction of another proton by a PUFA-peroxyl radical from another PUFA, 
resulting in the formation of lipid peroxides. The propagation phase is followed 
by a decomposition or degradation phase, during which cleavage of double 
bonds occurs, resulting in the formation of aldehydes. These aldehydic products 
react with the s-amino groups of lysine residues in apoprotein B, forming 
Schiffs bases and leading to an increase in the negative net charge of LDL 
particle (Haberland et al” 1984; Steinbrecher, 1987). As a consequence, this 
LDL is no longer recognized by the normal LDL receptor (Brown & Goldstein， 
1986). histead, macrophage LDL uptake is mediated via the scavenger receptors 
(Sparrow et aL, 1989). 
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Figure 3.1 Peroxidation of a polyunsaturated fatty acid (PUFA). 
(adapted from Jialal & Devaraj，1996) 
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3.1.2 Biological effects ofox-LDL 
Ox-LDL exerts several biological effects that may contribute to the 
initiation and progression of the atherosclerotic process (Jialal & Devamj，1996; 
Steinbrecher et aL, 1990; Witztum & Steinberg, 1991). A scheme depicting the 
role o fox-LDL in atherogenesis is shown in Figure 3.2. During the oxidation of 
LDL, initially, minimally modified LDL (MM-LDL) is formed in the 
subendothelial space (Jialal & Devaraj，1996). MM-LDL is typified by mild lipid 
peroxidation and uptake by the classical LDL receptor. MM-LDL can induce 
leukocyte-endothelial adhesion and secretion of monocyte chemotatic protein-l 
(MCP-1) and macrophage colony-stimulating factor ^M-CSF) by the 
endothelium (Berliner et al； 1995). This results in monocyte binding and 
recruitment to the endothelium and subsequent migration into the subendothelial 
space, where M-CSF promotes their differentiation into tissue macrophages. 
Macrophages in tum can modify MM-LDL into a more oxidized form. Ox-LDL 
is then taken up by the scavenger receptor on the monocyte-macrophages, and 
this uptake is not regulated by intracellular cholesterol content (Steinberg et al., 
1989). This resvdts in appreciable cholesterol accumulation within the 
macrophages, resulting in foam cell formation. Ox-LDL is a potent 
chemoattractant for monocytes and a potent inhibitor of macrophage motility, 
thereby promoting retention of macrophage in the arterial wall (Quinn et al., 
1987). Ox-LDL is also highly cytotoxic, and may damage endothelial cells 
allowing circulating monocytes and^ or LDL entry into the subendothelial space 
(Morel et al； 1984). This endothelial damage can result in platelet adherence and 
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Figure 3.2 Role of oxidized-LDL (ox-LDL) in atherogenesis. MCP-1, monocyte 
chemotatic protein-1; M-CSF, macrophage colony-stimulating factor; MM-LDL, 
minimally modified LDL. (adapted from Jialal & Devaraj, 1996) ， 
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aggregation, with release of growth factors subsequently leading to smooth 
muscle cell proliferation and thickening of the athennoa (Ross, 1986). Another 
atherogenic property of ox-LDL is its immunogenicity. It forms immune 
complexes in the arterial wall that can also be taken up by macrophages 
(Gisinger et al., 1991). This could promote fmther cholesterol accumulation. 
3.1.3 Antioxidants and atherosclerosis 
Evidence linking oxidative modification o fLDL with the development of 
cholesterol-laden foam cells and the subsequent formation of the fatty streak 
prompted researches on the effects of various antioxidants in relation to 
atherosclerosis. The earliest studies, done in animals, were conducted with 
probucol, a lipid-lowering agent with antioxidant properties. These studies 
showed that probucol decreased the extent of lesion development and LDL 
degradation in lesion areas ofthe Watanabe heritable hyperlipidemic rabbit by a 
mechanism independent of its hypocholesterolemic effects (Carew et al., 1987; 
Kita et a l , 1987; Mao et al., 1991). Other antioxidants, such as BHT and 
selenium, have also been reported for protecting against experimentally induced 
atherosclerosis O3jorkhem et al., 1991; Wojicki et al., 1991). 
Numerous studies have evaluated the effects of dietary intake of a-
tocopherol in relation to atherosclerosis. a-Tocopherol (vitamin E) is the 
principle lipid-soluble antioxidant in plasma and in the LDL particle OEsterbauer 
et al., 1990). It is a chain-breaking antioxidant and traps peroxyl free radicals, a-
Tocopherol could inhibit LDL oxidation in vitro, and supplementation ofhuman 
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with a-tocopherol has been shown to decrease the susceptibility of their LDL to 
oxidation (Jialal & Devaraj，1996). A cross-sectional study of 16 European 
populations also showed a significant inverse correlation between vitamin E 
concentrations and coronary heart disease (CHD) mortality (Gey et al., 1991). 
Tea catechins, which have been shown to be potent antioxidants, may 
serve as a source ofdietary antiatherogenic agent. L i fact, recent epidemiological 
data has demonstrated the cardioprotective effect of tea. In the Zupten Elderly 
Study, Hertog et al (1993a) has examined the relationship between dietary 
flavanoids intake and the risk of coronary heart disease. It was found that tea 
consumption was inversely related to CHD mortality even after adjustment for 
age, diet and other risk factors. 
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V 3.2 Objectives 
The objective of the present study was to examine the antioxidative 
activity of jasmine tea GTC and individual epicatechin isomers on Cu〗+-
mediated LDL oxidation in vitro. The protective effect of GTC against the 
oxidative degradation ofPUFAs in LDL was also investigated. 
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3.3 Materials and methods 
3.3.1 LDL isolation 
Fresh blood was collected from healthy subjects at the Prince of Wales 
Hospital, The Chinese University ofHong Kong, Shatin, Hong Kong. To prevent 
lipoprotein modification, EDTA and NaN3 were added to freshly prepared 
plasma (fmal concentrations of EDTA and NaN3 were 0.1% and 0.05%, 
respectively). LDL was isolated from plasma according to the method described 
previously (Havel et al., 1995). To minimize the oxidation of LDL, the 
centrifuge tube containing plasma was flushed with nitrogen. Briefly, the plasma 
was firstly centrifuged at 1500 g for 15 minutes to remove cells and cell debris. 
Plasma density was then increased to 1.019 by addition of a NaCl-KBr solution 
(dissolve 153 g NaGl, 354 g KBr and 100 ^g EDTA in one liter of water, 
1.33g/ml) and re-centrifuged at 160,000 g at 10°C for 20 hours. After removing 
the top layer containing chylomicron and very low-density lipoprotein CVLDL), 
the density of remaining plasma fractions was increased to 1.064 and re-
centrifuged at 160,000 g for an additional 24 hours. The top LDL fraction was 
collected and then flushed with nitrogen and stored at -70°C. The protein content 
of isolated LDL was determined using Lowry's method ^Lowry et al., 1951). 
3.3.2 LDL oxidation 
Before usage, the stock LDL fraction (5 mg protein>' ml) was dialyzed 
against 100 volume of the degassed dialysis solution (^H = 7.4) containing 
0.01M sodium phosphate, 0.9% NaCl, 10 j jM EDTA and 0.05% NaN3 in dark 
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for 24 hours. The dialysis solution was changed four times. Oxidation of LDL 
was conducted as previously described by Puhl et al (1994). 100 |ig LDL protein 
was incubated in a mixture containing 5 ^ M CuSO4 and 5-40 ^ M GTC extracts 
or individual epicatechin isomers at 30®C for up to 36 hours. The oxidation was 
then stopped by the addition of25 ^1 1.0% EDTA and the mixture was cooled at 
4®C. 
3.3.3 Thiobarbituric acid-reactive substance (TBARS) assay 
The degree of LDL oxidation was monitored by measuring the 
production of TBARS as previously described OBuege & Aust，1978). After 
stopping the reaction by EDTA and cooling at 4°C, 2 ml ofO.67% thiobarbituric 
acid and 15% trichloroacetic acid in O.lN HCL solution was added to the LDL-
incubated tube. The incubation mixture was then heated at 95。C for 1 hour, 
cooled on ice, and centrifuged at 1000 g for 20 minutes. TBARS were 
determined by measuring the absorbance at 532 nm. Calibration was done with a 
malondialdehyde (MDA) standard solution prepared from tetramethoxylpropane. 
The value was expressed as nmol MDA/ mg LDL protein. 
3.3.4 Lipid analysis 
An additional set of LDL was incubated in a mixture containing 5 ^ M 
CuSO4 and 5 ^ M GTC extracts or individual epicatechin isomers at 30 °C for 4 
to 12 hours. Total LDL lipids were thereafter extracted using chloroform-
methanol (2:1, v/v) containing 0.02% BHT as an antioxidant and containing 
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heptadecanoic acid as an internal standard to quantify individual fatty acids. The 
lipid extracts were then converted to fatty acid methyl esters and analyzed by 
GLC as described in section 2.6.7. 
3.3.5 Statistics 
Data were expressed as mean 土 SD of 6-8 samples. Differences between 
treatments and over time have been analyzed by a three-factor ANOVA where 
the factors were concentration of jasmine tea epicatechins, type of individual 
epicatechin isomers, and the time of incubations. Data for fatty acid analysis, 
Duncan's multiple range test was used to test the significant difference among 
the means of treatments. This was done by running the data on the PC ANOVA 




3.4.1 Protective effects ofGTC against LDL oxidation 
Effects of jasmine tea GTC on production of TBARS was examined by 
incubating human LDL in the presence of 5 ^ M CuSO4 as an oxidation initiator. 
The average molecular weight OVIW) ofjasmine tea GTC was calculated to be 
388.1 based on the molecular weight of individual epicatechin isomers and their 
percentage in the GTC extracts [the average MW = Q^EGCG x 51.2% + MWEcc 
X 18.7% + MWEC X 12.2% + MWecG x 11.8% + MWcaffeine X 4.30/0]. As shown 
in Figure 3.3, LDL was significantly oxidized within 4 hours in the absence of 
jasmine GTC extracts. Ascorbic acid at the concentrations of 40 ^ M 
demonstrated no or little protection to LDL from Cu^^-catalyzed oxidation in 
vitro. The protective effect ofjasmine tea GTC against LDL oxidation was dose-
dependent at concentrations ranging from 5 to 40 ^M. (p for trend = 0.01). To be 
specific, addition of 5^M and 10 ^ M ofjasmine tea GTC extended the lag-time 
up to more than 12 hours and 24 hours, respectively, ln the presence of 20 ^ M 
and 40 ^ M of GTC, LDL oxidation was not detectable throughout the period of 
36 hours. 
3.4.2 Varying protective effects of individual epicatechin isomers 
Al l four epicatechin isomers demonstrated a dose-dependent antioxidant 
activity in Cu^^-mediated LDL oxidation (p for trend = 0.01) (Figure 3.4 and 
3.5). When LDL was incubated with 5 juM epicatechin isomers for 12 hours, 
EGCG and ECG were more effective than EGC and EC (p<0.01). Under the 
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Figure 3.3 Mibitory effect of GTC on production of thiobarbituric 
acid reactive substances (TBARS) in Cu^ -^mediated oxidation of 
human LDL. Data are expressed as mean 土 SD of n = 6-8. Means at 















































































































































































































































































































































































































































































































































































































































































































































































































































same conditions, EC appeared to be more effective than EGC. For the samples 
with addition of 10 ^ M EGCG and ECG, production of TBARS was negligible 
throughout the experiment. When the samples with addition of 10 ^ M EG and 
EGC were incubated for 12 hours at 30°C, the former was more effective than 
the latter against LDL oxidation (p<0.01). Similarly, EC was more effective than 
EGC at the concentration of20 ^M. To simplify the data, the following features 
could be generalized: 1) EGC and EC were less effective than their 
corresponding gallate derivatives, EGCG and ECG, respectively; 2) EC was 
more effective than ECG against LDL oxidation. 
3.4.3. Protective effects of GTC against oxidative degradation of 
PUFAs in LDL 
Fatty acid analysis revealed that PUFA moieties including 
docosahexaenoic acid (22:6n-3), arachidonic acid (20:4n-6), a-linolenic acid 
(18:3n-3) and linoleic acid (18:2n-6) were susceptible to oxidation when human 
LDL was incubated in the presence of 5 ^iM CuSO4 for 4-12 hours (Table 3.1). 
Addition of 5 ^ M GTC or individual epicatechin isomers significantly prevented 
loss of these PUFAs in LDL. When LDL was incubated for 12 hours, EGC 
appeared to be less protective than other three isomers against degradation of 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.5.1 Tea catechins as anti-atherogenic agents 
The Zutphen Elderly Study by Hertog et al (1993a) showed an inverse 
association between tea consumption and mortality from CHD after adjustment 
for age, diet and other risk factors. The benefits of drinking tea may be attributed 
to the content of tea catechins. This is because tea catechins as dietary 
antioxidants may protect LDL from oxidative modification and hence attenuate 
the progress of atherosclerosis. Li the present study, the protective effects of 
GTC or individual epicatechin isomers against the Cu^^-mediated LDL oxidation 
was examined. It clearly demonstrated that GTC and its individual epicatechin 
isomers strongly inhibit LDL-oxidation. Their inhibitory effects on LDL 
oxidation were even stronger than that of ascorbic acid. 
3.5.2 Mechanisms of the protective effects of tea catechins against 
Cu2+-induced LDL oxidation 
LDL is protected from oxidation by its endogenous antioxidants such as 
a-tocopherol, retinoids, and carotenoids. The oxidation ofLDL, therefore, could 
only occur under circumstances where the LDL particle is depleted of its 
endogenous antioxidants. The mechanisms by which GTC and epicatechin 
isomers inhibit Cu^^-mediated LDL oxidation are unclear at present. GTC or 
individual epicatechin isomers may function as a primary antioxidant by directly 
reducing the formation of free radicals mediated by Cu〗+. They may spare and 
maintain the levels of a-tocopherol and other antioxidants in LDL and thus delay 
the onset of lipid peroxidation. By monitoring the consumption of a-tocopherol 
88 、 
in LDL when challenged with the prooxidant metmyoglobin, Salah et al (1995) 
demonstrated that the consumption of a-tocopherol was delayed by the addition 
of tea catechins. It was found that EGCG and ECG were more effective than 
their corresponding gallate derivatives, EGC and EC, respectively, in sparing the 
a-tocopherol. Li the present study, it was also observed that EGCG and ECG 
were more effective than EGC and EC against LDL oxidation, which was 
consistent with their relative abilities of sparing LDL a-tocopherol (Salah et a l , 
1995). Alternatively, tea catechins may regenerate a-tocopherol by donating a 
hydrogen atom to the a-tocopherol radical. Such a mechanism has been 
demonstrated in vitro to explain the compensating effect of ascorbic acid on a-
tocopherol (Sato et a l , 1990). Another possibility is that GTC or individual 
epicatechin derivative functions as chelators to bind copper ions and therefore 
reduce the formation of copper ion mediated free radicals. 
3.5.3 Relative antioxidative activities of epicatechin isomers 
Li the present study, it was observed that EC and EGC were less effective 
than their co^esponding gallate derivatives, ECG and EGCG respectively, as 
antioxidants against LDL oxidation. It is proposed that the additional gallate 
groups present in ECG and EGCG increase the total number of phenol hydroxyl 
groups (Figure 1.2). Therefore, ECG and EGCG are more vuhierable to donate a 
hydrogen than EC and EGC and have stronger protective effects against LDL 
oxidation. 
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EGCG and ECG had almost similar antioxidant activity under the present 
experimental conditions. However, EC was more effective than EGC against 
LDL oxidation. This was in agreement with the results of Miura et al (1994), 
who showed that inhibitory effects of EC was stronger than EGC on LDL 
oxidation by measuring formation of diene. Two opposite factors might interplay 
in determining the relative antioxidative activity ofEC and EGC. One factor was 
the additional hydroxyl group presented in EGC which made EGC more 
vubierable to donate a hydrogen and thus increased its antioxidative 
effectiveness ^Figure 1.2). The other factor was hydrophobicity. Having one 
more hydroxyl group, EGC was less soluble in lipid phase. Therefore, lesser 
amount of EGC would be expected to distribute into the lipid phase of LDL 
particle, where oxidation occurred. EGC was less effective than EC against LDL 
oxidation probably due to the domination of the latter factor. 
3.5.4 Absorption of tea catechins 
The protective effects of tea catechins against LDL oxidation implicate 
that they may serve as dietary sources of anti-atherogenic agents. To mediate 
their effects, they must be systemically absorbed. Limited information is 
available on the absorption of tea catechins and on their metabolism. Okushio et 
al (1996) have demonstrated that the four major tea catechins，EC, ECG, EGC 
and EGCG, can be absorbed, at least in part, into the rat portal vein after an oral 
administration of tea catechins. Another experiment by Unno et al (1996) has 
shown that EGCG was detected in human serum after the ingestion of 5g green 
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tea powder dissolved in water. The concentration ofEGCG in the serum reached 
the highest level about 2 hours after ingesting the green tea, and then decreased. 
Although there is limited information available on their absorption and 
metabolism, tea catechins have been shown to possess antioxidant functions in 
vivo. Nanjo et al (1993) have examined the effects of chronic administration of 
1% dietary tea catechins on the levels of a-tocopherol and lipid peroxidation in 
the plasma of rats fed on high perilla oil diet. Supplementation of tea catechins 
significantly prevented the plasma a-tocopherol level from decreasing. 
Furthermore, the lipid peroxidation in the plasma was significantly reduced in tea 
catechins fed group. These results suggest that tea catechins may counteract a 
decrease in a-tocopherol by acting as an antioxidant in vivo. In addition, recently 
published studies have demonstrated an increase in total plasma antioxidant 
activity in human after consumption of green or black tea (Serafini et al., 1996). 
It is not yet known how tea catechins partition in vivo or what their clearance 
rates are from the plasma. Studies assessing the effects of a single bolus 
ingestion of 300 ml of 2% green tea have shown a peak enhancement in the 
plasma antioxidant activity 30 min after ingestion (Serafini et al., 1996). 
3.5.5 Pro-oxidant activities of tea catechins 
It is noteworthy that certain flavonoids, including tea catechins, can act as 
both antioxidants and pro-oxidants depending on their concentrations and the 
conditions examined (Salah et al., 1995; Yamanaka et al., 1997; Yen et al., 
1997). Yamanaka et al (1997) reported that 1.5^M EC or EGC accelerated Cu】+-
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mediated LDL oxidation in the propagation phase. The acceleration ratios were 
modified depending on the concentrations of the catechins used and the 
oxidation process in the propagation phase. However, at elevated concentrations 
(such as 5^M, the minimum concentration used in the present study), they 
inhibited LDL oxidation even at the propagation phase. Up to date, no 
information is available about the physiological concentration of tea catechins or 
how they wi l l act in the presence of other antioxidants or pro-oxidants in vivo. 
The antioxidative and oxidative properties of tea catechins deserve further study 
to elucidate their biochemical actions in vivo. 
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Chapter 4 
HypoUpidemic activity of GTC 
4.1 Introduction 
4.1.1 High serum cholesterol as a risk factor of CHD 
A major medical disorder of the twenty century is CHD. Nearly half of all 
the deaths in the United States are caused by cardiovascular disease (Gotto, 
1988). During the past 40 years, investigators continue to discover a strong 
connection between high concentration of serum cholesterol and CHD. 
Accumulation of cholesterol in the arterial wall was found to be accompanied by 
the development of an atherosclerotic plaque and its sequelae (Brown & 
Goldstein, 1986). Also, lowering of plasma cholesterol level by bile acid 
sequestrants was reported to reduce the frequency of several manifestations of 
CHD (Lipid Research Clinics Program, 1984). 
A study of genetic disorders provides additional evidence to support the 
view that high concentration of serum cholesterol increases the risk of CHD. Jn 
familial hypercholesterolemia, the serious consequences of high cholesterol 
concentration are readily apparent O^ifkind & Lenfant，1986). Li these instances, 
severe atherosclerosis develops in early childhood, even in the absence of other 
CHD risk factors such as cigarette smoking, hypertension, obesity, or diabetes 
(Rifkind & Lenfant，1986). 
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Epidemiologic studies also demonstrated that high plasma TC is a risk 
factor in contribution to the prevalence and severity of CHD (Anderson et al., 
1987; Hohne et aL, 1985). bi the Framingham Heart Study, serum TC level was 
found to be independent and statistically significantly related to the risk of CHD 
in young men, and in young and older women (Anderson et al., 1987). Li the 
Oslo Study, serum TC level was also found to be significantly correlated with the 
coronary atherosclerotic-raised lesions even after adjustment of potential risk 
factors such as cigarette smoking, systolic blood pressure and physical activity 
OHolme et aL, 1985). 
4.1.2 Serum TG and CHD 
Unlike serum TC level, controversy persists to whether serum TG is an 
independent risk factor for CHD (Austin, 1989; Hulley et cd.，1980; Nestel, 
1987). t i many prospective studies, TG level has been a strong risk factor for 
CHD in univariate analyses, but an adjustment in multivariate analyses for the 
TC or high-density lipoprotein cholesterol ^DDL-C) level often diminished the 
association (Pocock et al.’ 1989; WiUiehnsen et al” 1973). However, more 
recently, a meta-analysis by Hokanson and Austin (1993) supports that there is 
an independent association between TG and CHD. ln addition, limited data 
available from clinical trials also supports the concept that reduction of TG may 
provide benefit for atherosclerotic progression (Carlson & Rosenhamer’ 1988; 
Miller et al., 1993). Li the Stockhohn Ischaemic Heart Disease Second 
Prevention Study, patients treated with the drugs, clofibrate and niacin, had a 
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sharp and significant reduction in the rate of mortality from CHD, which was 
strongly and significantly correlated with the reduction in TG levels but not with 
the reduction in cholesterol levels (Carlson & Rosenhamer, 1988). 
V 
t 4.1.3 Hypolipidemic effect oftea 
Tea is one of the most popular beverages in Chinese society. Recently, 
tea has received much attention as a protective agent against CHD ^faiai & 
Nakachi, 1995). Increased consumption of green tea has been shown to be 
associated with decreased serum TC and TG levels Qmai & Nakachi，1995; 
Kono et al., 1992). Effect of drinking green tea on plasma lipoproteins appears to 
be characterized by an increased proportion ofHDL-C together with a decreased 
proportion o fLDL-C and VLDL cholesterol ^ n a i & Nakachi, 1995). Several 
animal experiments have also examined the effects of tea extracts or GTC on 
serum lipid profile. (Chisaka et al., 1988; Matsuda et al.，1986; Muramatsu et 
al., 1986; Sano et al” 1986). Ingestion of GTC was found to be effective in 
lowering plasma cholesterol in cholesterol-fed rats (Muramatsu et al., 1986), 
while crude mixture containing ECG and EGCG could significantly reduce 
semm cholesterol level in mice (Matsuda et al” 1986) 
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4.1.4 Hamster as an animal model of cholesterol metabolism 
Li recent years, Golden Syrian hamster has been increasingly used as a 
model to estimate the efficacy of hypocholesterolemic agents in humans 
(Sugiyama et al., 1995). Unlike rat in which most of its plasma cholesterol is in 
HDL, the major plasma cholesterol carrier in hamster is LDL, as in human 
(Lehmann et aL, 1993; Nistor et al” 1987). As determined by electrophoresis in 
agarose gel, about 50% of plasma cholesterol in hamster occurs in the LDL 
fraction (Nistor et al., 1987). Furthermore, there are similarities between hamster 
and man in their intrinsically low rates of hepatic cholesterol synthesis, in their 
responses to different diets and drugs and in the manner in which they handle 




Though GTC has been shown to reduce plasma cholesterol in rats 
(Muramatsu et al., 1986), their hypolipidemic effects in hamsters have not been 
examined, hi the present study, the hypolipidemic effects of GTC were 
investigated by using hamster as an animal model. The objectives of the study 
were 1) to examine the hypolipidemic effects of green tea water extract (GTWE) 
and GTC in hamsters; 2) to examine the effects of GTC on the lipid contents of 
liver and carcass; 3) to monitor the changes in serum TG and TC levels of 
hamsters supplemented with GTC. 
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4.3 Materials and Methods 
4.3.1 Animals 
Male Golden syrian hamsters were housed (2-3 hamsters per cage) in an 
animal room at 23°C with 12:12-h light-dark cycles. Fresh semi-synthetic diets 
were fed to the animals daily, and uneaten food was discarded. Food intake was 
measured daily and body weight was recorded twice a week. The hamsters were 
allowed access to food and fluid ad libitum. 
4.3.2 Experiment 1 
Hamsters (125-140g) were randomly divided into four groups (n = 9). 
They were fed a semi-synthetic diet, with different levels of GTC 
supplementation. The method described by Sanders & Sandaradura (1992) was 
modified and used to prepare the semi-synthetic diet. For the control group, diet 
was prepared by mixing the powdered ingredients (casein, 200g; lard, 200g; 
starch, 418g; sucrose, 100g; mineral mix, 40g; vitamin mix, 20g; DL-
methionine, lg; and cholesterol, lg) with 1000 ml gelatine solution (20 g/ 1). For 
the other three groups, 0.11%, 0.34% or 0.57% GTC was mixed with the 
powdered ingredients before setting them in gelatine. Once the gelatine had set， 
the diet was cut into approximately 20 g cubed portions and stored frozen (-
20°C). Fatty acid composition of the diet was determined by GLC analysis after 
converting the extracted lipids to fatty acid methyl esters. The fatty acid 
composition of the diet was shown in Table 4.1. Similarly, cholesterol content in 
the diet was determined by GLC analysis after converting cholesterol into 
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Table 4.1 Fatty acid composition of the semi-synthetic diet 
Fatty acid % of total fatty acids in diet 
myristic acid 1.6 
palmitic acid 26.1 
palmitoleic acid 2.0 
stearic acid 18.0 
oleic acid 35.1 
vaccenic acid 2.2 
linoleic acid 10.5 




trimethylsilyl (TMS)-ether derivative. The final content ofcholesterol in the diet 
was 0.12%. At the end of 4 weeks, all the hamsters were killed after overnight 
fasting. Blood was collected via the abdominal aorta. After clotting, the blood 
was centrifuged at 1300g for 10 min and serum was collected. Liver was 
removed, washed with saline, and stored at -76®C. 
4.3.3. Experiment 2 
Hamsters (125-140g) were randomly divided into 2 groups (n = 7). They 
were fed a semi-synthetic diet with or without supplement of 0.57% GTC as 
described above. On days -2, 14 and 28, the hamsters, which had been fasted 
ovemight, were bled from the retro-orbital sinus into a heparinzed capillary tube, 
under light ether anesthesia. The total fecal output from each cage of hamsters 
was collected weekly and stored at -20°C until analysis. At the end of 5 weeks, 
after ovemight fasting, blood was collected from the hamsters as described 
above. The serum was stored in aliquots at -76®C. A l l the assays were performed 
within 3 days. Liver and perirenal adipose tissue were removed, washed with 
saline, freeze-clamped in liquid nitrogen and stored at -76°C. Carcass [whole 
body - perirenal adipose tissue (2 pad) - liver - blood] was also retained for lipid 
analysis. 
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4.3.4. Experiment 3 
Hamsters (95-llOg) were randomly divided into three groups (n = 12). 
They were fed with a semi-synthetic diet as described above except the diet was 
not set in gelatine. One group of hamsters received 0.5% GTC solution as the 
only source of drinking. The other two groups received water and 1.5% GTWE, 
respectively. The GTWE was prepared by adding 7.5g jasmine tea leaves into 
250 ml of freshly boiled water. After 15 minutes, the infusion was filtered and 
the tea leaves were similarly extracted with an additional 250ml of freshly boiled 
water. The two filtrates were combined to obtain a 1.5% GTWE. For all three 
groups, sucrose was added to the fluid to obtain a final concentration of 15g /1. 
The reason for adding sucrose was to overcome the bitterness of green tea 
solution. Freshly prepared solutions were given to the hamsters daily and fluid 
intakes were measured. At the end of 4 weeks, all fluid was withdrawn and tape 
water was given instead. After overnight fasting, the hamsters were killed and 
serum was collected for analysis. 
4.3.5 Serum lipid, lipoprotein and apolipoprotein determinations 
Serum TG and TC levels were determined with the use ofenzymatic kits 
(Sigma Chemical, St. Louis, MO, USA). HDL-C was measured after 
precipitation of LDL and VLDL with phosphotungstic acid and magnesium 
chloride, using a commercial kit (Sigma). Serum Apo B and Apo A-1 were 
measured using commercial immunoassay kits (Sigma). 
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4.3.6 Lipid analysis ofIiver and carcass 
Total lipids derived from 300 mg liver or 600 mg of homogenized 
carcass were extracted using chloroform-methanol (2:1, v/ v). Heptadecanoic 
acid (Sigma) and triheptadecanoic acid (Sigma) were added as internal standards 
to quantify the contents ofFFA and TG, respectively. The chloroform-methanol 
phase containing the lipid extracts was dried down under a gentle stream of 
nitrogen and redissloved in chloroform. An aliquot of lipid extracts was applied 
to a thin-layer chromatography (TLC) plate (20 x 20 cm, precoated with 250 jiun 
silica gel 60A; Macherey-Nagel, Duren, Germany) to separate different lipid 
classes. A solvent system ofhexane: diethyl ether: acetic acid (80: 20: 1，v/ v/ v) 
was used for development. The bands containing TG and FFA were scraped off 
the plate and the lipid extracts were converted to methyl esters by using a 
mixture of 14% BF3 in methanol and toluene (v/v, 1:1) under nitrogen at 90°C 
for 45 min. The fatty acid methyl esters were analyzed by GLC as described in 
section 2.6.7. 
4.3.7 Analysis offecal lipid content 
The total fecal output of each cage was combined into two groups: day 0-
20 and day 21-34. The combined fecal samples were homogenized in distilled 
water (1:4，w/w). 1.5 mg of triheptadecanoic acid was added into 1 g of fecal 
homogenate as an intemal standard. Total lipids were then extracted by 
chloroform-methanol (2:1, v/ v). The lipid extracts were converted to methyl 
esters for GLC analysis. 
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4.3.8 Determination ofhepatic cholesterol content 
300 mg of liver and 1 mg stigmastanol, as an internal standard, was 
homogenized in 15 ml chloroform-methanol (2:1, v/ v) and 3 ml saline. The 
chloroforai-methanol phase was removed and dried down under nitrogen. After 1 
hour mild hydrolysis with 6 ml l N NaOH in 90% ethanol at 90。C，5 ml ofwater 
was added and the cholesterol was extracted with 10ml cyclohexane. The 
cyclohexane phase was evaporated to dryness under nitrogen and cholesterol was 
converted to its TMS-ether derivative by a commerical TMS-reagent (Sigma). 
After 45 min at 60°C, the mixture was removed under nitrogen. The TMS-ether 
derivative was dissolved in 600 ml of hexane, and after centrifugation, the 
hexane phase was transferred to a vial for GLC analysis. The TMS-ether 
derivative was analysed on a fused silica capillary column (SAC™-5, 30m x 
0.25mm，i.d.; Supelco, Lic., Bellefonte, PA) in a Shimadzu GC-14B gas-liquid 
chromatograph, equipped with a fIame-ionization detector (Shimadzu). Column 
temperature was programmed from 230 to 280°C at a rate of l°C /min. Helium 
was used as the carrier gas at a head pressure of 150 kPa. A typical GLC 
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Figure 4.1 Gas liquid chromatographic trace of hepatic 




4.3.9 Assay offatty acid synthase activity 
The activity of fatty acid synthase was measured as described previously 
OSfepokroeff et al., 1975). l g of liver was homogenized in 1.5 volumes of 
homogenizing buffer (70mM KHCO3； 85mM K2HPO4； 9mM KH2PO4； lmM 
DTT; pH8 ) using a glass-Teflon Potter-Elvehjem homogenizer. A l l operations 
were carried out at 0-4°C. The homogenate was centrifuged at 20,000g for 10 
min. The supernatant was centrifuged again at 105,000g for 60 min. The 
supematant obtained was immediately used for enzyme assay. The activity of 
fatty acid synthase was measured by monitoring the rate of NADPH oxidation 
spectrophotometrically. The activating buffer ( l M potassium phosphate; lOmM 
DTT; total volume 40^il; pH 7) containing 50-100^g of liver supematant was 
pre-incubated at 37。C for 15 min, while 960 ^il of reaction mixture (500 ^moles 
potassium phosphate buffer, pH 7; 33 nmoles of acetyl-CoA; 100 nmoles 
malonyl CoA; 100 nmoles NADPH; 1 ^mole P-mercaptoethanol) was pre-
incubated at 30°C for 5 min. Reaction was initiated by the addition of activating 
buffer containing the enzyme to the reaction mixture. The oxidation ofNADPH 
was followed at 340 nm. A collection was made for the rate of NADPH 
oxidation in the absence of malonyl-CoA. The protein content ofthe supematant 
was determined as described by Bradford (1976). 
4.3.10 Statistics 




4.4.1 Growth and food intake 
The body weight gain and food intake of hamsters are shown in Table 
4.2. No significant differences in body weight gain and food intake were 
observed among the control group and GTC-supplemented groups, i i experiment 
3，fluid intake in GTWE group was significantly higher than the other two 
groups (p<0.01). 
4.4.2 Effects of different levels of dietary GTC on serum TG and 
cholesterol 
i i experiment 1，the dose effect of dietary GTC was examined. Hamsters 
were fed a high fat and high cholesterol diet for 4 weeks with the 
supplementation of 0.11，0.34 or 0.57% GTC. Significant reduction in the serum 
TG was observed in all GTC-supplement groups (p<0.05) (Table 4.3). 
Dietary GTC had no effect on the serum HDL-C level, whereas serum TC 
was generally reduced in GTC-supplement groups (Table 4.3). Addition of 
0.57% GTC to the diet significantly lowered the TC level by 15% Qx0.05). 
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Table 4.2 Effects of GTC and GTWE on body weight, food intake and fluid intake 
in hamsters 
Experiment 1 ^ 
control (9) ^ 0.11% GTC (9) 0.34% GTC (9) 0.57% GTC (9) 
Initial bodywt.(g) 138.3 土 13ja 137.8 土 18.7^ 136.1 土 lO ja 137.2 土 7.9a 
Finalbodywt. (g) 168.9±14.4a 166.7±17.0& 169.4±8.8a 171.3土16.0汪 
Food intake (g/ d) 19.3土1.8压 19.0±1.4a 19.5±1.6a 18.7±1.7a 
Experiment 2 
control (7) 0.57% GTC (7) 
Initial body wt. (g) 126.4 土 2.4® 126.9 土 2.6^ 
Final body wt. (g) 172.9 土 11.9a 171.3 土 6.4^ 
Food intake (g/ d) 20.2 土 1.4® 20.4 土 1.6a 
Experiment 3 ^ 
control (12) 0.5% GTC (12) 1.5% GTWE (12) 
Initial body wt. (g) 105.0 土 8 j a 102.7 土 7 f 104.2 土 10.2a 
Finalbodywt. (g) 121.0112.1' 120.6士9.4' 123.5土11.53 
Food intake (g/ d) 7.8 土 0.5® 7.8 土 0.9^ 8.0 土 0.4^ 
Fluid intake (ml /d) 10.1 土 3.4 ^ 8.4 土 1.7 ^ 15.7 土 2.3 ^ 
1 GTC was supplemented in the diet in experiments 1 and 2. 
2 Figures in parentheses indicate the number ofhamsters used. 
3 GTC was given in the drinking fluid. 
Data are expressed as means 土 SD. 
Means in the same row with different superscripts (a, b) differ significantly (p<0.01). 













































































































































































































































































































4.4.3. Time course study ofthe hypolipidemic effects ofdietary GTC 
In experiment 2, the plasma TG and TC levels in the hamsters were 
monitored throughout the experiment. Supplementation of 0.57% GTG was 
chosen because this dosage was found to be effective in reducing both serum TG 
and TC in experiment 1. 
Before feeding, no difference was observed in the plasma TG and TC 
levels of both groups. After 14 days of feeding a high fat and high cholesterol 
diet, increases in both plasma TG and TC levels were observed in both groups. 
No difference was found in the plasma TC levels in both groups ^Figure 4.2), 
whereas the TG level was slightly reduced in GTC-supplemented group fFigure 
4.3). After 28 days, both plasma TC and TG in the control were higher as 
compared with day 14. Li contrast, their levels in GTC-supplemented group 
began to drop. Comparing with the control, the plasma TC and TG were 
significantly reduced by 16.5% (p<0.05) and 40% (p<0.005), respectively. 
The serum TG, lipoprotein and apolipoprotein profiles ofthe hamsters at 
the end of 35 days were shown in Table 4.4. Both serum TG and TC were 
lowered in GTC-supplemented group (p<0.005). No difference was observed in 
the serum HDL-C levels of both groups, which was consistent with the result in 
、 experiment 1. Serum Apo B level was lowered by 38.4% in GTC-supplemented 
hamsters (p<0.005), whereas no difference was observed in serum Apo A-1 
level. The large depression ofApo B level resulted in a significant increase in the 




260 _ 乂 、 
。 2 4 0 一 Z \ 
g 220 - J ^ r ^ ^、* I 200 - J^ r \ 丄 
1 1 8 0 - ^ ^ 土 \ ] " 
I 160 - / 、 ] * 
^ 140 - Z 
I 1 2 0 - | / ^ 丄 
i 100 - " E --w _^ i5 80 — 
o. 
60 - - ^ Control 
~ B ~ 0.57% GTC 
40 -
2 0 -
0 — I 1 1 1 1 1 1 1 r 
0 5 10 15 20 25 30 35 40 
Day 
Figure 4.2 Effects of dietary GTC on plasma total cholesterol (TC) in 
hamsters. Data are expressed as means 土 SD of n = 7. * represents a 
significant difference between the control and GTC-supplemented 
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Figure 4.3 Effects of dietary GTC on plasma triacylglycerols (TG) in 
hamsters. Data are expressed as means 土 SD of n = 7. * represents a 
significant difference between the control and GTC-supplemented 
group at the same time point (p<0.005). 
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Table 4.4 Effects of dietary GTC on serum lipid and apolipoprotein profiles in 
hamsters (experiment 2)^ 
control 0.57% GTC 
serum TG (mg/ dl) 456.6 土 69.6 298.3 土 54.3 ^ 
serum TC (mg/ dl) 226.6 土 25.8 156.9 土 33.1 ^  
serum HDL-C (mg/ dl) 74.3 土 9.6 76.6 土 6.0 
serum Apo B (mg/ dl) 84.0土13.1 48.1±17.8a 
serum Apo A-1 (mg/ dl) 70.5 土 4.3 67.2 土 2.1 
Apo A-1/ Apo B 0.9土0.2 1.6土0.5& 
1 GTC was supplemented in the diet. * 
Data are expressed as means 士 SD of n = 7. 
Significant differences from the control are indicated by ® p<0.005 and ^ p<0.01. 
GTC, green tea catechins; TG, triacylglycerols; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; Apo B, apolipoprotein B; Apo A-1, apolipoprotein A-1. 
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4.4.4 Effects of GTWE on serum lipid and apolipoprotein profiles 
Li experiment 3, GTC solution and GTWE were given to the hamsters to 
examine whether normal practice of tea drinking could have hypolipidemic 
effect. Results showed that their effects on serum lipid and apolipoprotein 
profiles were similar to those observed in experiment 2 (Table 4.5). 
4.4.5 Effects of dietary GTC on hepatic TG, FFA and cholesterol 
contents 
The effects of different levels of GTC supplementation on the contents of 
hepatic cholesterol and TG were shown in Figure 4.4-4.5. Dietary GTC at the 
levels of 0.34% and 0.57% significantly reduced the content of hepatic 
cholesterol by 31.5% (p<0.01) and 36.1% Op<0.001), respectively. At the level of 
0.11%, no significant reduction in hepatic cholesterol was observed. Reductions 
in hepatic TG were also found in hamsters supplemented with 0.34% (p<0.05) 
and 0.57% GTC (p<0.01) (Figure 4.5). In addition to cholesterol and TG 
contents, dietary GTC at the level of 0.57% also effectively reduced hepatic FFA 
(p<0.005) (Table 4.6). Since hepatic TG was lowered to a greater extent than 
FFA in 0.57% GTC-fed group, this led to a slight decrease in the hepatic TG/ 
FFA ratio. 
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Table 4.5 Effects of GTWE and GTC solution on serum lipid and apolipoprotein 
profiles in hamsters (experiment 3)^  
control 0.5% GTC solution 1.5% GTWE 
serum TG (mg/ dl) 257.0t89. ia 147.4±50.4b 178.5±57.lb 
serum TC (mg/ dl) 207.6 土 23.1" 168.0 士 26 jb 186.1 士 14jb 
serum HDL-C (mg.dl) 74.9 土 10.4" 74.5 土 8.7& 79.0 土 9.8" 
Apo A-1 (mg/ dl) 79.8 土 4 j a 80.0 土 2.3^ 81.1 土 2.8" 
ApoB(mg/d l ) 52.4±10.9a 37.1±3.9b 38.7±6.6b 
Apo A-1/ Apo B 1.6±0.3a 2.3±0.5b 2.1土0.4& 
1 GTC was given in drinking fluid. 
Data are expressed as means 土 SD ofn = 7. 
Means in the same row with different superscripts (a, b) differ significantly (p<0.05). 
GTC, green tea catechins; GTWE, green tea water extract; TG, triacylglycerols; TC, total 
cholesterol; HDL-C, high-density lipoprotein cholesterol; Apo B, apolipoprotein B; Apo 
A-1，apolipoprotein A-1. 
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Figure 4.4 Effects of dietary GTC on hepatic cholesterol 
in hamsters (experiment 1). Data are expressed as means 
士 SD of n = 9. Significant differences are indicated by: * 
p<0.01 and**p<0.001. 
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Figure 4.5 Effects of ‘ dietary GTC on hepatic 
triacylglycerols (TG) in hamsters (experiment 1). Data are 
expressed as means 土 SD of n = 9. Significant differences 
are indicated by: * p<0.05 and ** p<0.01. 
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Table 4.6 Effects of GTC on hepatic and carcass lipid contents and fatty acid 
synthetase activity in hamsters (experiment 2 ” 
control 0.57% GTC 
Fatty acid synthase activity 8.2 土 1.6 8.3 土 0.7 
(nM NADPH oxidizec^ mg protein) 
Liver 
TG (mg/ g) 12.7t2.8 7.1±2.3 ' 
FFA (mgy' g) 2.8土0.3 1.8±0.3b 
TG/ FFA 4.5土0.9 4.1土1.6 
cholesterol (mg/g) 11.8 土 2.0 5.3 土 2 j b 
Carcass 
TG (mg/ g) 224.4 土 48.4 159.0±15.1' 
FFA (mg/ g) 53.0土9.1 67.3±4.0b 
TG/ FFA 3.6土0.8 2.5±0.3b 
cholesterol (mg/g) 1.5土0.1 1.4±0.1 
1 GTC was supplemented in the diet. 
Data are expressed as means 土 SD of n = 7. 
Significant differences from the control are indicated by ® p<0.01 and ^ p<0.005. 
GTC, green tea catechins; TG, triacylglycerols; FFA, free fatty acids. 
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4.4.6 Effects of dietary GTC on carcass TG, FFA and cholesterol 
contents 
Table 4.6 summarized the effects of dietary GTC on the lipid content of 
carcass. L i GTC-supplemented group, the lipid content of carcass was 
characterized by having a lower TG/ FFA ratio (p<0.005). Lowering ofTG/ FFA 
ratio in GTC-fed hamsters was due to the higher carcass FFA content (p<0.005) 
and the lower carcass TG level (p<0.01). No effect ofdietary GTC was observed 
on the carcass cholesterol level. 
4.4.7 Effects ofdietary GTC on fatty acid synthase activity 
No effect of GTC was observed on the fatty acid synthase activity (Table > 
4.6). 
4.4.8 Effects ofdietary GTC on fecal lipids content 
As shown in Figure 4.6，in the first 3 weeks, the total fecal fatty acids of 
GTC-supplemented group was significantly higher (p<0.01). However, the fecal 
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4.5 Discussion 
4.5.1 Hypolipidemic effect ofGTC 
Two recent epidemiological studies have addressed the relation between 
green tea consumption and serum lipid profiles, tnai & Nakachi (1995) reported 
that increased consumption of green tea was associated with a decrease in serum 
concentrations of TC and TG. Kono et al (1996) also found that green tea 
consumption was inversely associated with serum levels of TC and LDL-C. ln 
contrast, drinking black tea seems to have no effect on serum cholesterol levels 
(Brown et al., 1993; Klatsky et a l , 1985). This suggests that the beneficial effect 
of drinking green tea over black tea could be attributed to the content of 
catechins because in the former, the catechins remain unchanged, whereas in the 
latter they are mostly oxidized in the fermentation process. 
ln the present study, it was shown that jasmine tea water extract could 
significantly reduce both serum TG and TC. GTC presented in the tea accounted 
for the observed effects since GTC isolated from jasmine tea, given either in diet 
or in drinking water, also demonstrated similar hypolipidemic effects. 
4.5.2 Effects of GTC on serum apolipoproteins 
With the supplementation of 0.57% GTC, serum Apo B level was 
significantly reduced, whereas serum Apo A-1 level remained unaffected. Apo B 
is the principle protein of LDL, comprising approximately 90% of the LDL 
protein mass (Rifai, 1986). It plays a major role in the recognition of cellular 
receptors for the catabolism o fLDL (Naito, 1986). For Apo A-1, it is the major 
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protein component of HDL and represents approximately 60% of the HDL 
proteins (Rifai, 1986). It is the agent responsible for the activation of lecithin 
cholesterol acyltransferase which catalyzes the esterification of cholesterol 
(Glomset, 1968). Numerous studies have indicated that Apo A-1 and Apo B 
measurements are useful in assessing CHD risk OKottke et al., 1986; Maciejko et 
cd., 1983; Naito, 1986). It is reported that they are more specific and sensitive 
biochemical markers of CHD risk than HDL-C and LDL-C. People having a low 
Apo A-1/ Apo B ratio are suggested to have a higher risk of CHD ^Cukita et al., 
1984). L i GTC-supplemented group, the Apo A-1/ Apo B ratio was significantly 
higher than the control, suggesting that drinking green tea may be protective 
against CHD. 
4.5.3 Implication of GTC intake in humans 
In experiment 1，the dosage effect of dietary GTC had been studied. 
Three different dosages, 0.11，0.34 and 0.57%, were used, tfa man consumed 
2000 kcal daily, 0.11，0.34 and 0.57% dietary GTC would be approximately 
equivalent to the intake of 0.45, 1.39 and 2.33g GTC/ day, respectively. 
According to the extraction method used in the present study, 10g ofjasmine tea 
leaves could yield 0.74g GTC. titake of0.45, 1.39 and 2.33 g GTC/ day would 
therefore require drinking about 3, 9 and 15 cups of jasmine tea beverage daily, 
respectively, provided that each cup of tea beverage contained 2 g of dryjasmine 
tea leaves. Li daily tea drinking, it could be regarded as excessive of consuming 
the highest dosage used in the experiment. However, daily consumption of 3 
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cups of green tea may still have beneficial effect since in 0.11% GTC-fed group, 
there was a significant reduction in serum TG. Reduction in TC level was also 
observed, though it was not statistically significant. Further studies are necessary 
to examine whether GTC have any hypolipidemic effects at a low dosage over 
longer periods of administration. 
4.5.4. Mechanisms for the hypolipidemic activity ofGTC 
The mechanisms for the hypolipidemic effects of GTC are not fully 
understood, ln the present study, the total fecal lipids in the first 3 weeks were 
found to be significantly higher in GTC-supplemented hamsters. Similar results 
were reported by Muramatsu et al (1986) in which they observed an increase in 
fecal lipids in rats fed a cholesterol-enriched diet containing GTC. Another 
studies by Dceda et al (1992) showed that GTC could lower the lymphatic 
absorption of fatty acids in rats. Therefore, the results in the present study, 
together with the previous ones (Muramatsu et a l , 1986; Dceda et a l , 1992), 
suggest that dietary GTC may decrease lipid absorption, facilitate its excretion, 
and hence reduce serum TG. It was noted that total fecal lipids in GTC-
supplemented hamsters returned to the level of the control group at the last 2 
weeks of the experiment (Figure 4.6). During this period, their serum TG were 
still consistently lowered than that of control (Figure 4.5). Jn addition, the extent 
of the increase in fecal lipids in GTC-fed group (day 0-20) was relatively small 
compared to the reduction in serum TG. It is likely that there exist(s) other 
mechanism(s) responsible for the hypolipidemic activity of GTC. Activation of 
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the lipoprotein lipase O^PL) may be one of the possible mechanisms. LPL is 
derived primarily from muscle and adipose tissue and is responsible for the 
clearance of TG-rich lipoproteins. A drug called gemfibrozil is used for the 
treatment of hypertriglyceridemia patients OKahri et al； 1993). One ofits actions 
is activation ofLPL, which leads to an increase in the clearance rate of TG-rich 
lipoproteins from the plasma and thereby reduces plasma TG OKahri et al., 
1993). Up to date, only one report has examined the effect of green tea extracts 
on LPL activity. Sano et al (1986) observed that there was a slight, though not 
significant, increase in adipose LPL activity in rats fed with green tea extracts. 
More research is required to elucidate the hypolipidemic activity of GTC and its 
effect on LPL activity. 
4.5.5 Reduction in hepatic TG and FFA contents in GTC-fed hamsters 
Both hepatic TG and FFA were lowered in GTC-supplemented hamsters. 
The mechanisms behind were unclear at the present time. Reduction in the 
absoq)tion of TG by GTC may be one of the reasons (Dceda et a l , 1992; 
Muramatsu et al., 1986). Mubition of biosynthesis of fatty acids may be an 
alternative. Li the present experiment, the effect of dietary GTC on the activity of 
fatty acid synthase has been examined. Fatty acid synthase is a multienzyme 
complex responsible for the synthesis of saturated long-chain fatty acids from 
acetyl CoA, and malonyl CoA. The results showed that dietary GTC had no 
effect on the activity of fatty acid synthase, suggesting that GTC did not affect 
fatty acid biosynthesis. It was noteworthy that in the present study, the activity of 
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this enzyme was measured in fasting animals, which was well-known that its 
activity was greatly reduced during fasting OLakshmanan et al., 1972). The 
possibility that the inhibitory effect of GTC on fatty acid synthase activity was 
unable to be observed in fasting animals could not be eliminated and deserved 
further studies. 
4.5.6 Suppression ofbody lipid accumulation by dietary GTC 
In GTC-supplemented hamsters, a reduction o fTG content in the carcass 
was observed. One possible reason may be that dietary GTC enhance hydrolysis 
o fTG into FFA for oxidation. This was supported by the observation that carcass 
FFA content was significantly higher in hamsters supplemented with GTC. Li 
addition, a significant reduction in the carcass TG/ FFA ratio was observed in 
GTC-fed group. Previous studies have demonstrated that adrealin-induced 
lipolytic (AJL) activity in abdominal adipose tissue was significantly elevated in 
rats given dark tea for 8 or 16 weeks (Sano et al, 1986). Thus, GTC may 
stimulate the degradation of TG in adipose tissue and thereby reduce body lipid 
accumulation. 
4.5.7 Mechanisms for the hypocholesterolemic activity of GTC 
Dietary GTC also showed to reduce both serum and hepatic cholesterol. 
A study by Chisaka et al (1988) had demonstrated that EGCG did not inhibit 
cholesterol synthesis in liver slices from Triton-induced hypercholesteremic rats 
and EGCG-treated rats, suggesting that GTC exerted its effect through other 
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mechanisms. By using the dual isotope ratio method, they demonstrated that 
orally administrated EGCG decreased cholesterol absorption from rat intestine in 
situ. L i a separate experiment, GTC was also shown to lower lymphatic 
absorption of cholesterol in rats with cannulated thoracic duct ODceda et al., 
1992). It was suggested that GTC formed an insoluble precipitate with 
cholesterol and thus accounted for the hypocholesterolemic effect ofGTC (Dceda 
et aL, 1992). However, the possibility that GTC affects other steps ofcholesterol 
absorption cannot be ruled out. Mubition of the enzyme acylCoA cholesterol 
acyltransferase (ACAT) may be an alternate possibility. ACAT functions mainly 
to esterify cholesterol and store it as cholesteryl ester, it may also play a key role 
in the intestinal absorption of cholesterol (Heider et al., 1983; Largis et al., 1989; 
Wrenn et a l , 1995). There is evidence that majority of dietary cholesterol is 
esterified before it is assembled in chylomicron and secreted into the lymphatic 
system (Wrenn et a l , 1995). Miibition of intestinal esterification of cholesterol 
by ACAT has been shown to decrease cholesterol absorption CV a^houny & 
Kritchevsky, 1981). However, no information is available about the effect of 




Since ancient times tea has been traditionally believed to be effective in 
keeping the body and soul in good condition. Recently, the composition of tea 
has been analyzed and four major tea catechins including EGCG, EGC, ECG and 
EC have been purified. 
Li the present study, the antioxidative activities of various Chinese tea 
ethanol extracts and GTC have been examined in relation to their potential to 
serve as an alternative to protect fats and oils from oxidation. Ethanol extracts of 
green, white, and yellow teas exhibited strong antioxidative activities against 
lipid oxidation in canola oil, as evidenced by oxygen consumption test and fatty 
acid analysis. Li contrast, black and dark tea extracts had little or no 
antioxidative effects. The differences in antioxidative activities of tea extracts 
may be attributed to the distinct manufacturing process in which catechins are 
mostly preserved in green, white and yellow teas, whereas they are destroyed in 
black and dark teas during fermentation. GTC isolated from jasmine tea and all 
four epicatechin isomers also exhibited strong antioxidative activities. They were 
even more effective than BHT against oxidation of canola oil under the 
conditions examined. Furthermore, thermal loss of GTC was less than that of 
BHT in heated canola oil. These findings suggested that GTC or individual 
epicatechin isomers may be considered as potential antioxidants for stabilization 
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of fats and oil in food. However, recent experiments in our laboratory 
demonstrated that GTC is unstable in neutral and aUcaline environment (Zhu, 
Q.Y. et al； unpublished data). Therefore, whether GTC can effectively inhibit 
lipid oxidation of foods in a longer term remains uncertain and deserves further 
studies. 
GTC and its four epicatechin isomers demonstrated strong antioxiative 
activity against Cu^^-mediated LDL oxidation. The protective effect of these 
epicatechin isomers was dose-dependent at the concentrations ranging from 5 
\ M to 40 ^M. Their effects on LDL oxidation was characterized by protecting 
PUFAs in LDL against oxidative degradation. Evidence has been accumulated to 
substantiate that oxidative modification of LDL plays an important role in the 
initiation of atherosclerosis (Jialal & Devaraj, 1996). The protective effects of 
GTC and individual epicatechin isomers against LDL oxidation suggest that 
drinking green tea may be beneficial against CHD. 
The cardioprotective effect of green tea is further strengthened by the fact 
that GTC exhibits hypolipidemic effect. Dietary GTC at the level ofO.57% could 
significantly suppress the rise of both serum TG and TC in hamsters fed a high 
fat and high cholesterol diet. Even with the supplementation of 0.11% GTC, 
significant reduction in serum TG was observed. Effect of dietary GTC on serum 
apolipoprotein profile was characterized by increasing the Apo A-1/ Apo B ratio. 
The hypolipidemic effect of GTC, together with its antioxidative activity against 
127 
LDL oxidation, suggests that GTC may have cardioprotective effect. However, 
despite the potentially significant effects of GTC on CHD, no in vivo study has 
been performed to determine conclusively whether GTC can inhibit the growth 
of atherosclerotic plaques, thus reducing the risk of atherosclerosis, ln addition, 
some in vitro studies have shown that tea catechins possess pro-oxidant activity 
(Salah et aL, 1995; Yamanaka et a l , 1997; Yen et al., 1997). More research is 
required to examine the antioxidative and oxidative character of tea catechins 
and their biochemical actions in vivo. The mechanisms of the hypolipidemic 
activity of GTC are not fully understood. Besides interfering with the absorption 
of l ip id and cholesterol, the effects ofGTC on lipid and cholesterol metabolisms 
remain unclear. Though epidemiological studies generally support that green tea 
consumption is inversely associated with serum TC Otaiai & Nakachi，1995； 
Kono et al., 1992; Kono et al., 1996), inconsistency persists to whether increased 
consumption of green tea is inversely related to serum TG ^tnai & Nakachi， 
1995; Kono et al., 1996). The serum lipid levels of the subjects in these 
epidemiological studies are generally fall within the normal range. More 
epidemiological studies are therefore required to elucidate the relation between 
green tea consumption and serum TG level and to examine whether green tea 
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